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PREFACE 


The Fujitsu MB87030 (SPC: SCSI Protocol Controller) is a CMOS LSI circuit 
developed to control the small computer system interface (SCSI). 


This manual explains the functions and use of the MB87030. 
It consists of the following chapters: 


CHAPTER 1 OUTLINE 

CHAPTER 2 INPUT/OUTPUT TERMINALS 

CHAPTER 3. FUNCTIONS 

CHAPTER 4 OPERATIONAL DESCRIPTION 

CHAPTER 5 EXAMPLES OF EXTERNAL CIRCUIT CONNECTIONS 
CHAPTER 6 AC CHARACTERISTICS 


To effectively apply this LSI circuit's functions, you must be familiar with 
SCSI functions and interface control procedures. 


Note: Fujitsu reserves the right to change functions or characteristics to 
improve the design of the LSI circuit without prior notice. 
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CHAPTER 1 
OUTLINE 
1.1 GENERAL DESCRIPTION 


The MB87030 (SPC: SCSI Protocol Controller) is a CMOS LSI circuit designed to make 
control of the small computer system interface (SCSI) easier. The MB87030, which can 
control all the SCSI interface signals and handle almost all the interface control 
procedures, can be used as a peripheral LSI circuit for an 8- or 16-bit MPU to 

realize high-level SCSI control. This LSI circuit has an 8-byte FIFO data buffer 
register and a transfer byte counter that is 24 bits long. Its wide range of appli- 
cations allows not only asynchronous mode transfer but also synchronous mode transfer 
with an offset of 8 bytes at maximum. Furthermore, MB87030 can serve as either an 
INITIATOR or a TARGET device for the SCSI, and can therefore be used for either an 1/0 
controller or a host adapter. (Note: In this manual, MB87030 is referred to as SPC) 


1.2 FEATURES 


Full support for SCSI control 

Serves as either INITIATOR or TARGET device 

Synchronous mode transfer with a programmable offset, up to eight bytes 
Data transfer speed programmable at four rates (in synchronous mode transfer) 
Data transfer up to 4 MBPS allowed 

Eight-byte data buffer register incorporated 

Transfer byte counter, 24 bits long, incorporated 

Independent data transfer bus 

Applicable to the single-ended alternative and the differential alternative 
for SCSI 

Single +5 V supply 

Low power dissipation 

TTL-compatible inputs/outputs 

PGA 88-pin ceramic package 


oe @e@ @ @ @ @ @ 


1.3 ELECTRICAL CHARACTERISTICS 


1.3.1 Absolute Maximum Ratings* 


Vss""- 0.5 er 
vss"*— 0.5 | Yo+os |v 
, eK 

vss"*— 0.5 | Yoo + 0.5 
[storage Temperature (Ceramic) Tstg_| 65 | s1s0_[ec_| 
Tenperature Under Bias (Cerantc 


















Output Current ~** Tos +70 





* Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as detailed in 
the operational sections of the data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

**® Veg = OV 
*** Not more than one output may be shorted at a time for a maximum duration 
of one second. 
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1.3.2 Recommended Operating Conditions 









Input High Voltage VI 


Input _Low Voltage Put Pte 


1.3.3 DC Characteristics 
(Recommended Operating Conditions unless otherwise noted) 


rmination [Wm [noe [te 


fersewem [ow poem] | 
[eso [wp dee 
feoewn wn [ow oselee| fw | e 
feccimvim [ve fess [fee 
fewmwne [om | feel |e 
Pewee fa [| [ale 
Input Leakage Current fur |ieo-voo |e} | a0 | aa 
3-state 
[evs oes afew [| [eo 


* Note: =Vpp, V 





1.3.4 Capacitance 
(Ta = 25 °C, Vpp = Vp = OV, f = 1 MHz) 


smaot Wn [es [oe [ 









Input Pin Capacitance 


Cour ee ade 
1/0 Pin Capacitance Cryo Pe att a oe 


1.4 PHYSICAL DIMENSIONS 


The MB87030 is packaged in an 88-pin ceramic package. Figure 1.4.1 shows the 
dimensions of the package. 


88-LEAD CERAMIC (METAL SEAL) REPEATED QUAD IN-LINE PACKAGE 
(CASE No.: RIT-88C-A01) 


018 (038) .040(1.02)TYP DIA 


1.185(30.10) 1.100(27.94) 
1.215(30.86) REF 


a 


Ce ee ee +) 
@2°%78 0202 6 00 0 @ 


@oeoe00 © © o 5b oO Oo g 


| 
| 1.185(30,10) .035(0.89) 
' 060(1.52) -110(2.79) 


1.215(30.86) 
-250(6.35) -120(3.05) 
-150(3.81) 


Dimensions in 
inches imiltimeters) 





Figure 1.4.1 Dimensions of Package 


CHAPTER 2 
INPUT/OUTPUT TERMINALS 


2.1 PIN ASSIGNMENTS 


Figure 2.1.1 shows the arrangement of pins on this LSI. 


2.2 INPUT/OUTPUT SIGNALS 


Table 2.1.1 lists the input/output signals and their functions. In this table, the 
plus and minus signs have the following meaning: 

+: Indicates an active-high signal. 

-: Indicates an active-low signal. 















ecooogo oo 0 00 0 © 
34 33 32 31 30 29 28 27 26 25 24 23 
eoo0o0o0 00000090 
35 72 71 70 69 68 67 66 65 64 63 22 
Oo 0 @ @ 0.90 
36 73 86 85 62 21 
0.0 0 90 
37 74 61 20 
Qs 2g (Top View) Q 9, 
Q Oo & e Q ° 
76 87 84 59 18 
00 @ e090 
40 77 88 as: oe 
2, g Index pin 57 % 
2R gf 3 9s 
0. O° e@ ®@ 00 
43 80 81 82 55 14 
2.8 2.93 
6 3'6 
2 141.12 





Orientation Mark 


lee oS eT 
3 [wo] as ps | ener [ar a 
26 | o | sppes [48 |t/o| ms | 70 | | SDBO3 
6 jo} 4 {28 | z | spars |so | r/o] ne | 72 | | SDBO1 
7 {uo| 5 |29 | o | spss [51 | r/olp7 =| 73 | SDBEO 
8 |I/0 6 |30 | o | sppe3 | 52 | 1/0 | vp 74 SDBLO 
9 |1/o| 7 3a | 2 | spprz3 [53 | o | mre | 75 | | RST 
{32 | 0 
| o 
i 


HIO|oO 


HILO 


10 |t/o} FP 2 | spsoz | 54 | I | 1/or | 76 | j | DREQ 
11. | o {autt | 33 | o | sppe2 {55 | 2 | c/pr | 77 | | WE 
12 | o | | sppti | 56 | 1 | seLI’ | 78 | | WIG 
13 | o | 1/oo | 35 | o | spel [57 | 1 | msc. | 79 | 1/0 | D2 

14 {| o |c/po |36 | 0 | spBoo {58 | 1 | REQI | 80 | 1/0 { D3 

15 | o |sexo [37 | t {ces [59 | z | RsTzr | 81 | Power supply| VSS 

| 2 
| 1 
| I 


Hi elo [a1 olo 


16 | o |usco | 38 | 60 | t | act | 82 | Power supply| VDD 
7 0 | REQO | 39 | 61 | I | BS¥I | 83 | Power supply | VDD 


18 | o |BsTo | 40 | {62 | zr | antr | 84 | Power supply| VSS 
o |acxo |[4: | 1 | presp |63 | t | spprp | 85 | Power suppiy| VSS 





Figure 2.1.1 Pin assignments 


Table 2.1.1 Input/output signals (Continued on next sheet) 


paar eensy 00 0 Ec eee cel 
1/0 | Pin [tty] _ Function 


Vpo +5 V power supply 
33 
86 
87 
Vss 81 Ground (0 V) 
Ba 


ne ay A clock input for controlling the SPC internal operation 
and the data transfer speed. 
75 An asynchronous reset signal for clearing the internal 
circuits in SPC. 


A selection enable signal for accessing an internal 
register in SPC. When this input signal is active, 
the following input/output signals are valid: 
Wi, Wie 
A3 to AO 

D7 to DO, DP 
















































Address input signals for selecting an internal register 
in SPC. 

MSB: A3, LSB: AO 
When CS input is active, read/write is enabled in an 
internal register selected by these address inputs via 
data bus lines D7 to DO and OP. 





These strobe inputs are used for reading out the contents 
of the SPC internal register, and are effective only when 
CS input is active. While RDG input is active, the 
contents of an internal register selected by A3 to AQ 
inputs are placed on data bus lines D7 to DO and DP. 

For a data transfer cycle in the program transfer mode, 
the trailing edge of RD input is used as a timing signal 
indicating the end of data read. 








This strobe input is used for writing data into an SPC 
internal register, and is effective only when CS input is 
‘-}active. On the trailing edge of this signal, data placed 
on data bus lines D7 to DO and DP are loaded into an 
internal register selected by A3 to AQ inputs. (Except 
when A3 = A2 = Al = AO = ''H') 

For a data transfer cycle in the program transfer mode, 
the trailing edge of this signal is used as a timing 
signal indicating data-ready state. 





While this signal is active, data placed on data bus lines - 
DB? to DO and DP are output to HDB7 to HDBO and HDBP if the 
following input conditions are satisfied: 

cs = 'L! 


A3 = A2 = Al = AO = 'H! 
HIN = 'H! 


Table 2.1.1 Input/output signals (Continued on next sheet) 


Signa Pol a- : 
Pee (es Perfo] eee ____ 


I Used for write/read data into/from an internal register in 














SPC. This data bus is three-state and bidirectional. 

MSB: D7 

LSB: 00 

Odd parity bit: DP 
When the CS and RDG inputs are active, the contents of the 
internal register are output to the data bus (read 
operation). In operations other than read, this data bus 
is kept at a high impedance level. 































Requests an interrupt to indicate completion of SPC. 
internal operation or occurrence of an error. Interrupt 
masking is allowed except for an interrupt caused by RSTI 
input (reset condition in SCSI). When an interrupt 
request is permitted, the INTR signal remains active 
until the cause of the interrupt is cleared. 


Used as input from the SCSI data bus. 
MSB: SDBI7 
LSB: SDBIO 
Odd parity bit: SDBIP 
Parity checking for the SCSI data bus is programmable. 


Used as outputs to the SCSI data bus. 

MSB: SDBO7 

LSB: SDBOO 

Odd parity bit: SDBOP 
If the bus driver is an open collector type, there signals 
can be supplied directly to the driver circuit. If the 
bus driver is a three-state type, these signals are used 
as data, and the SDBE7 to SDBEO and SDBEP signals are used 
as drive enable signals. 






Used as drive enable signals (corresponding to respective 
bit positions) where a three-state buffer is used for the 
SCSI data bus. SDBE7 to SDBEO and SDBEP correspond to SDBO7 
to SDBOO and SDBOP, respectively. The relationship with 
SCSI bus phase is shown below. 


in ml 


[BUS FREE 
ARBITRATION Ae 
Po OA a 


nformation 
transfer 
















rsp SST] JH 
PC + SCSI 


+ (ID) indicates a bit position corresponding to the scsi 
bus device ID, and (ID) indicates other bit position. 
¢ D denotes that a valid information is sent out. 


Table 2.1.1 Input/output signals (Continued on next sheet) 


ignal Po a- 






Used for receiving SCSI control signals. The outputs of 
the SCSI receiver circuit can be connected directly. 

Note: Waveform distortion or any other disturbance should 
not occur in the REQI and ACKI signals which are 
used as timing control signals for sequencing data 
transfer. 














Used for outputting SCSI control signals. The following 
Signals become active only when SPC serves as a TARGET; 
otherwise, these signals are always low. 

REQO, MSGO, C/DO0, 1/00 
The following signals become active only when SPC serves as 
an INITIATOR; otherwise, these signals are always low. 
ACKO, ATNO 













Used for indicating the SPC operation state. These signals 
are also available as control signals for the SCSI 
driver/receiver circuit. 






LARLTLTARG | Status Td 

pk’ ft" {SPC is not connected with SCST. id 

re ee is executing RESELECTION phase, or is 
operating as a TARGET. 

ne | Le SPC is executing SELECTION phase, or is 
operating as an INITIATOR. 


DREQ + O | 76 1 | At a data transfer cycle in DMA mode, the DREQ signal is 
used to indicate a request for data transfer between SPC 
and the external buffer memory. In DMA mode, data is 
routed as shown below. 






« Output operation 
External buffer memory 


HOB? to HDBO, and HDBP pins 

spc internal data buffer register (8 bytes) 
SpB07 to SDBOO and SDBOP pins 

(sts) 


Table 2.1.1 Input/output signals (Continued) 


Signal | Pola- : 


¢ Input operation 
(SCSI) 
+ 
SDBI7 to SDBIO and SDBIP pins 
¥ 
SPC internal data buffer register (8 bytes) 
$ 
HDB7 to HDBO and HDBP pins 
+ 
External buffer memory’ 
¥ 
In an output operation, this signal becomes active to 
request data transfer from the external buffer memory when 
the SPC internal data buffer register has free space 
available. In an input operation, it becomes active to 
request data transfer to the external buffer memory when 
the SPC internal buffer register contains valid data. 


; tT 




























Used as an response signal to the above data transfer 
request signal (DREQ) in DMA mode data transfer cycle. 

Pin DRESP must be supplied with a pulse signal at the end 
of each byte that is transferred. In an output operation, 
SPC uses the trailing edge of the DRESP signal for sampling 
data on HDB7 to HDBO and HDBP bus lines. 

In an input operation, SPC holds data to be transferred 
onto HDB7 to HDBO and HDBP bus lines until the trailing 
edge of the DRESP signal. 




















Three-state, bidirectional data bus for transferring data 
to/from the external buffer memory in DMA mode data 
transfer cycle. 

MSB: HDB7 

LSB: HDBO 

Odd parity bit: HDBP 
The data transmission direction depends on the HIN input 
signal. 

HIN HOBn Operation 
Input mode Output 
put mode Input 


e 
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This signal indicates transmission direction along data 
bus lines HDB7 to HDBO and HDBP in DMA transfer mode. 
Transmission direction must be coordinated with the SPC 
internal operation to be executed. When the HIN signal 

is low, data bus lines HDB7 to HDBO and HDBP are put in 
the high impedance state (input mode). When the HIN signal 
is high, they are put in the output mode. 
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CHAPTER 3 
FUNCTIONS 


3.1 FUNCTIONAL BLOCKS 


Figure 3.1.1 shows the SPC functional block diagram. 
SPC mainly consists of the following functional blocks: 


(1) Internal register block 

(2) MPU interface control block 

(3) Bus phase control block 

(4)  Arbitration/selection sequence control block 
(5) Transfer sequence control block 

(6) Transfer byte counter block 

(7) Data buffer register block 


SDBEO-7 ,P 





SDBOO-7 ,P 
<4 


SDBIO~7 ,P 


\/ 


SELO 
SELI 
BSYO 
BSYI 
INIT 
TRAG 





Address 
Decode 

& MPU 
Interface 





Figure 3.1.1 SPC functional block diagram 
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3.2 INTERNAL REGISTER 

SPC has internal registers consisting of 17 bytes that are accessible from an exter— 
nal circuit. These internal registers are used for controlling SPC internal opera- 

tion and indicating SPC processing status/result status. 

3.2.1 Addressing 

A unique address is assigned to each internal register, and a particular register is 
identified by address bits A3 to AO. Table 3.2.1 shows internal register addressing. 
3.2.2 Internal Register Assignments 


Table 3.2.2 shows the bit assignment to each internal register. 
When accessing an internal register (in read/write), remember the following: 


(1) The internal register block includes the read-only/write-only register and 
those having different meanings in read and write operations. 

(2) A write to the read-only register is ignored. 

(3) If the write-only register is read out, the data and parity bit are undefined. 

(4) At bit positions indicating " " for a write in Table 3.2.2, either 1 of 0, 
or may be written. 


Table 3.2.1 Internal register addressing 
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Table 3.2.2 Internal register bit assignment (Continued on next sheet) 


oe ee ee ee 
SCSI Bus peuee D 
#4 #2 #0 


scs a hance D 
Ip4 ID2 ID1 
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P| Control] Diag Parity | Select] Reselec 
Control Reset | Mode Enable Enable | Enable Enable | Enable 
(SCTL) in i 
B ransfer Modifier 
(Som) Command Code RST 
Out 


Max. Transfer Min. Transfer 


Transfer Phase 
MSG I/D 


Register 
(DREG) 


Transfer Counter High (MSB) 
21 20 19 18 


Transfer Counter Middle (2nd A 
13 12 11 9 


Transfer Counter Low (LSB) 
2 
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Table 3.2.2 Internal register bit assignment (Continued) 
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3.3 MAJOR OPERATIONS 
3.3.1 MPU Interface Control Block 


The MPU interface control block selects a specified internal register and controls a 
read/write operation. Also, this block generates an interrupt and indicates its 
cause. (This is done to report the result status of SPC internal operation, and the 
detection of an error, if encountered.) 


3.3.2 Bus Phase Control Block 


The bus phase control block generates a specified bus phase for SCSI and controls its 
sequence of executions. Also, this block supervises SCSI status, and responds to the 
bus phase being executed if necessary. 


3.3.3 Arbitration/Selection Sequence Control Block 


This sequence control block executes the ARBITRATION phase with the SCSI-specified 
timing and obtains permission to use the SCSI bus. Then, it carries out the 
SELECTION/RESELECTION phase and checks the response from the selected/reselected 
device. Also, this block detects the SELECTION/RESELECTION phase on SCSI, and checks 
the bus device ID specified in the internal register against that specified on the 
SCSI data bus. Then, if this block finds that SPC has been selected by another SCSI 
bus device, it executes the response sequence for the SELECTION/RESELECTION phase. 


3.3.4 Transfer Sequence Control Block 


This sequence control block controls the DATA IN/OUT, COMMAND, STATUS, and MESSAGE 
IN/OUT phases to be executed in SCSI. The following two modes are available for exe- 
cution of these transfer phases: 


(1) Manual transfer mode 
In manual transfer mode, the MPU interface is used for transferring data and 
sending/receiving/checking the REQ/ACK signals on SCSI. 


(2) Hardware transfer mode 
In hardware transfer mode, SPC controls the SCSI transfer sequence according to 
the transfer mode and transfer byte count specified in the internal registers, and 
reports the end result of transfer. Asynchronous and synchronous mode transfer 
operations can be executed. In the asynchronous mode transfer operation, the REQ 
and ACK signals are controlled by the interlock protocol. In the synchronous mode 
transfer operation, a maximum of eight-byte offset is available for the DATA IN/OUT 
phase. The hardware transfer mode is subdivided into two according to the data 
routing: 


(a) Program transfer mode 
Data is routed via MPU interface in the following data paths: 
SCSI «» Data buffer register +> Data bus lines D7 to DO and DP. 


(b) DMA mode 
Data is routed using DREQ and DRESP signals for DMA control in the following 
data paths: 
SCSI ++ Data buffer register <» Data bus lines HDB7 to HDBO and HDBP. 
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3.3.5 Transfer Byte Counter Block 


This counter indicates the transfer byte count used for hardware transfer mode 
operation in SPC. It consists of 24 bits. Except for execution of a special 
transfer operation (padding), the transfer byte counter is decresed by one each time 
one byte of data is transferred on SCSI. The transfer byte counter is also used as a 
timer for supervising the waiting time for a response to be returned from the 
selected SCSI bus device during execution of the selection/reselection phase. On the 
MPU interface, the transfer byte counter is treated as three separate internal 
registers (TCH, TCM, TCL), each being one byte long. 


3.3.6 Data Buffer Register Block 


The data buffer register block is used in execution of a hardware transfer mode 
operation in SPC. It has a capacity of eight bytes, and operates on the FIFO 
principle for each byte. In an input operation (from SCSI to SPC), data received 
from SCSI is loaded into the buffer register. In DMA mode, transfer request signal 
DREQ is generated to the external buffer memory. Also, in program transfer mode, 
data can be read out from this buffer register. In an output operation (from SPC to 
SCSI), data supplied from the MPU interface (program transfer mode) or external 
buffer memory (DMA mode) is loaded into the buffer register and then sent to SCSI. 
In this case, a maximum of eight bytes of data is prefetched into SPC. The MPU 
interface treats 8-byte data buffer register as if it was a one-byte internal 
register. In an input operation, the byte locations holding valid data are selected 
in succession for reading out. In an output operation, the empty byte locations are 
selected in succession for writing in. 
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CHAPTER 4 
OPERATIONAL DESCRIPTION 


4.1 BDID REGISTER 


2 


SCSI Bus Device 1D 
ID4 Ip2 IDl 





Bit Significant Bus Device ID FV. | 
#6 #5 #4 #3 #2 #1 #0 


Write Operation (Bits 2 to Q): 


The BDID register specifies an SCSI bus device identifier (ID) with a three-bit binary 
number. This setting must be completed before resetting the SCTL register's bit 7 
(Reset & Disable). Bits 2 to 0 are not affected by any resetting except power on 
reset. 


Read Operation: 


The BDID register indicates an SCSI physical device address (bus device ID) with each 
bit. An SCSI physical device address is decoded from the values at bits 2 to 0 
specified in a write operation to the BDID register described above. One of the bits 
is 'one', the others are all. 'zeros'. The SCSI bus usage priority is assigned in 
descending order from bit 7 to bit 0. Using a bus device ID indicated in this 
register, SPC executes the ARBITRATION phase. Also, if a SELECTION/RESELECTION phase 
condition occurs in SCSI, the value of the SCSI data bus is checked against the con- 
tents of this register to see whether the SPC has been selected/reselected or not. 


4.2 SCTL REGISTER 









sen ee ee Parity | Select | Rese Lea 
Reset Mode Enable Enable | Enable | Enable 
cs bicnie 


Bit 7: Reset & Disable 


Bit 7 indicates a reset instruction to the internal registers and control 

circuits in SPC. When this bit is 1, SPC is reset and logically disconnected from 
SCSI (put in the disable state). Execution of the hardware reset (RST input = 'L') 
causes this bit to be 1. To enable the SCSI operation, bit 7 must be made zero to 
release the disable state. 
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Bit 6: Control Reset 


Bit 6 instructs resetting of the data transfer control] circuit in SPC. That is, the 
data transfer control circuit is reset when this bit is 1. Even if the control reset 
is executed by this bit during the SPC operates with SCSI, the SPC keeps connected 
state with SCSI. The reset function of this bit should be used for resetting the 
data transfer control circuit while it is connected with SCSI. More specifically, 

jt should be used when an error is indicated by bit 1 (SPC Hardware Error) of the 
INTS register during execution of the SCSI transfer phase or when a timeout occurs 
before completion of Transfer command execution (supervised by the MPU program). 

Bit 1 (SPC Hardware Error) of the INTS register and the SERR register are cleared by 
the reset function of this bit. 


Note: This reset function initializes the SPC transfer control circuit. So, when 
the SPC serves as an INTIATOR, the following consideration is required: 


- Since the REQ signal may be received during resetting, the first byte 
should be transferred in manual mode after resetting. 


Bit 5: Diagnostic Mode 


When bit 5 is 1, SPC enters a diagnostic mode and is disconnected from SCSI. 
A diagnostic mode allows pseudo-execution of the SCSI operation using the SDGC 
register (to be explained later). 


Bit 4: Arbitration Enable 


Bit 4 indicates whether the ARBITRATION phase is executable in SCSI or not. 

1 ... ARBITRATION phase executable 

Q ... ARBITRATION phase nonexecutable 
With this bit set to 1, the Select command causes SPC to execute the ARBITRATION 
phase. And, if the SPC win the arbitration, it executes the SELECTION/RESELECTION 
phase. With this bit set to 0, the Select command causes SPC to execute the 
SELECTION phase without the ARBITRATION phase. As long as bit 4 is 0, SPC returns 
no response to a reselection request from other SCSI bus device. That is, no 
response is made even if bit 1 (Reselect Enable) of this register is set to l. 
Remember that bit 4 must be set correctly before clearing bit 7 (Reset & Disable) of 
the SCTL register. Note also that this bit should not be changed in other than a 
diagnostic mode after clearing bit 7 of the SCTL register. 


Bit 3: Parity Enable 


Bit 3 indicates whether the parity of data received from the SCSI data bus is 
to be checked or not. 

1... Parity of the data received from the SCSI data bus is checked. 

0... Parity of the data received from the SCSI data bus is not checked. 
Regardless of the value of this bit, the parity of the data to be sent to the SCSI 
data bus is ensured. Also, the parity of the data on the SPC internal data bus is 
always checked. While SPC is connected with SCSI, this bit should not be changed. 


A parity check is carried out in the following cases: 
(1) When checking an ID value placed on the data bus upon detection of the 
SELECTION/RESELECTION phase in SCSI: 


Detection of a parity error causes no response to the SELECTION/RESELECTION 
phase even if the SCSI bus device ID has been matched. 
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(2) When receiving data from SCSI in an input transfer sequence: 
If a parity error is detected in a data byte, the relevant parity bit value 
is corrected and the data byte with the corrected parity is sent to the MPU/DMA 
data bus. 


Bit 2: Select Enable 


1... SPC responds as a TARGET device to the SELECTION phase in SCSI. 
O ... SPC does not respond to the SELECTION phase in SCSI. 


Note: If SPC has already detected the SELECTION phase during an attempt to set 
this bit to 0, SPC responds to the SELECTION phase as a TARGET device. 
In this case, the 0 setting is effective for the subsequent SELECTION phase 
(with no response). 


Bit 1: Reselect Enable 


1... SPC responds as an INITIATOR to the RESELECTION phase in SCSI. 
. SPC does not respond to the RESELECTION phase in SCSI. 


Note: If SPC has already detected the RESELECTION phase during an attempt to set 
this bit to 0, SPC responds to the RESELECTION phase as an INITIATOR. 
In this case, the 0 setting is effective for the subsequent RESELECTION 
phase (with no response). 


Bit 0: Interrupt Enable 


Bit 0 serves as a mask for enabling/disabling an interrupt (INTR) output from 
the SPC. 


1 ... Interrupt enabled 
O ... Interrupt disabled 


An interrupt due to a RESET condition detected in SCSI cannot be masked. 
Regardless of the value of this bit, an interrupt event is always indicated in the 
INTS register. This makes available poll-mode control in an interrupt disabled 
state. 


4.3 SCMD REGISTER 











Boa ae ies RS Inter- | Transfer ae) jer 
/ Out | cept PRG 'O' | Term. 
W Xfer Xfer Mode 


4.3.1 Register Functions 





The SCMD register is used for giving a command to SPC. Writing into this register 
causes SPC to initiate the command processing specified at bits 7 to 5. 
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Bit 7 to 5: Command Code 
Bit 7 6 5 Command 
0 0 0 Bus Release 
0 0 1 Select 
0 1 0 Reset ATN 
0 1 1 Set ATN 


1 0 0 Transfer 
1 0 1 Transfer Pause 
1 1 0 Reset ACK/REQ 


1 1 1 Set ACK/REQ 


Bit 4: RST Out 


If bit 7 (Reset & Disable) of the SCTL register is 0, setting 1 in bit 4 of this SCMD 
register sends the RST signal (RSTO pin) to SCSI. When bit 4 is set to 1, a command 
being executed or waiting for execution in SPC is cleared and all signals to SCSI 
other than RST are deactivated. To ensure for the SCSI timing requirements, MPU must 
Maintain this bit at 1 for more than 25 microseconds. 


Note: If the RST signal (RSTI pin) is received from SCSI with this bit set to 0, 
the operation sequence is as follows: 


« A command being executed or waiting for execution in the SPC is cleared. 
¢ All signals to the SCSI are deactivated. 
e An interrupt condition (non-maskable) is generated. 


Whenever bit 7 (Reset & Disable) of the SCTL register is 0, the SPC always 
accepts the RST signal from the SCSI. 


Bit 3: Intercept Transfer 


Bit 3 specifies the special data transfer mode. It is valid only when SPC serves as 
an INITIATOR. 


This bit should be set to 1 together with the Set ATN, Set ACK/REQ, or Bus Release 
command (Bus Release command has no effect when SPC has been connected with SCSI as 
an INITIATOR). And, this bit should be reset together with the Reset ACK/REQ com- 
mand. (When two or more bytes are transferred using the Set ACK/REQ and Reset 
ACK/REQ commands, this bit must be reset on issuance of the Reset ACK/REQ command for 
the last byte.) With bit 3 of SCMD register set to 1, executing manual transfer (MPU- 
controlled transfer using the Set ACK/REQ and Reset ACK/REQ commands) does not change 
the contents of the eight-byte data buffer register in SPC. Therefore, if a TARGET 
changes bus phase to such as MESSAGE IN during execution of the DATA OUT phase, this 
intercept transfer mode makes it possible to optionally restart the DATA OUT phase at 
the end of the interrupting phase. The phase change during transfer execution is 
reported by a 'service required’ interrupt. To execute this intercept transfer mode, 
bit 3 of SCMD register must be set to 1 prior to the resetting of an interrupt (an 
interrupt must be reset after bit 3 is set to 1). Even when not using the intercept 
transfer mode, bit 3 may be specified for resetting a 'service required’ interrupt. 
In this case, bit 3 must be set/reset together with the Bus Release command. For 
more details, see the description of bit 3 (Service Required) of the INTS register. 
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Bits 2 to 0: Transfer Modifier 


Bits 2 to O are used as a field for specifying the execution mode of the information 
transfer phase. A value must be set in this field when the Transfer command is 
issued. If any of the following commands are issued during execution of the Transfer 
command, this field's value must not be changed: 


« Set ATN 
¢ Transfer Pause 
e Reset ACK/REQ 


Bit 2: Program Transfer 
1... Data is transferred between the MPU and the data buffer register in SPC. 


0 ... Data is transferred in the DMA mode in which the SPC signals a transfer 
request to the external buffer memory. 


Bit 1: Unused 


Bit 1 must always be set to 0. 


Bit 0: Termination Mode 


Bit 0 provides different functions depending on the SPC operation mode. When SPC 
serves as an INITIATOR, bit O specifies the following operations: 


1... Even after the transfer byte counter reaches 0 during execution of the Transfer 
command, data transfer is continued if the REQ signal arrives from a TARGET in 
the same phase. if an output operation is in progress, all 0 bits (with a 
parity bit set to 1) are transmitted as data. During an input operation, the 
received data is ignored. But parity is checked if it is enabled (Parity 
Enable). The above data transfer is referred to as padding transfer, which is 
effective only when the DATA IN or DATA OUT phase is executed. Padding 
transfer is executed only within SPC, and a transfer request is not signalled 
to the external buffer memory even if the DMA transfer mode is specified. 
Padding transfer is maintained until a TARGET changes the bus phase. In the 
padding transfer mode, if the Transfer command is issued with the initial value 
of the transfer byte counter set to 0, execution of padding transfer is started 
with the first byte. To carry out an output operation in this case, the TEMP 
register must be set to X'00' prior to issuance of the Transfer command. 


0 ... Transfer command execution terminates when the transfer byte counter reaches 0. 
The Transfer command must be reissued for receiving the next REQ signal from 
a TARGET. 


When SPC serves as a TARGET, bit 0 specifies the following operations: 

1... If a parity error is detected in the received data during execution of the 
Transfer command for input, the current transfer sequence is immediately 
stopped to terminate Transfer command execution. . 

0... Even if a parity error is detected in the received data during execution of the 


Transfer command for input, the current transfer sequence is continued until 
the transfer byte counter reaches 0. 
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4.3.2 Command Functions 


(1) 


(2) 


Bus Release command 

When SPC acts as a TARGET role, the Bus Release command instructs a transition to 
the BUS FREE phase. During execution of the information transfer phase, the 
Transfer Pause command must be issued to halt the data transfer operation prior 
to this command. Otherwise, the SCSI bus sequence is not ensured. The Bus 
Release command may also be used to cancel the Select command waiting for the bus 
to become free. Note that the Bus Release command is ignored if SPC has already 
started the ARBITRATION or SELECTION phase. 


Select command 

The select command requests the SELECTION/RESELECTION phase to be started. 

It shall be issued only when the SPC is not connected with SCSI. When the SPC 
receives this command, it carries out the following operation upon detection of 
the BUS FREE phase is SCSI. 


. When bit 4 (Arbitration Enable) of the SCTL register is set to 1: 


After the BUS FREE phase has been detected, SPC executes the ARBITRATION 
phase to try to obtain bus usage permission. If the SPC has lost the 
arbitration, the Select command terminates its execution. If the SPC has 
won the arbitration, SPC executes the SELECTION or RESELECTION phase. 

The SELECTION phase is executed when bit 0 (1/0 Out) of the PCTL register 
is set to 0, and the RESELECTION phase is executed when it is set to 1. 


. When bit 4 (Arbitration Enable) of the SCTL register is set to 0: 


After the BUS FREE phase has been detected, SPC executes the SELECTION phase. 


Before this command is issued, the following settings must be made in either of the 
above cases: 


a. 


PCTL register 
Specify the phase to be executed at bit O (1/0 Out). 

0 ... SELECTION phase to be executed 

1 ... RESELECTION phase to be executed 

Note that whenever bit 4 (Arbitration Enable) of the SCTL register is set to 0, 
the SELECTION phase is executed regardless a value of bit 0 (1/0 Out) of the PCTL 
register. 


. Set ATN command 


Issue the Set ATN command if it is required to assert an ATN signal at the 
SELECTION phase. 


. TEMP register 


In the TEMP register, specify a value to be sent to the SCSI data bus during 
execution of the SELECTION/RESELECTION phase. 


. TCH and TCM registers 


Specify a response (BSY signal) waiting supervisory time for execution of the 
SELECTION/RESELECTION phase. The supervisory time Ts, should be calculated as 
Follows: 

Assuming that the value of TCH and TCM is N (MSB: TCH, LSB: TCM); 

When N does not equal 0, Ts, = (N x 256 + 15) x To_p x 2. When N equals 0, 

Ts_ =_infinite. Where, Tcpf is a cycle time of the clock signal supplied to 
the CLK pin of SPC. 
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e. TCL register : 
Specify a period of time (TyaztT) from the moment when both BSY and SEL signals 
become inactive on SCSI upon detection of the BUS FREE phase to the moment when 
SPC initiates the ARBITRATION/SELECTION phase. Parameters (X'00') to (X'OF’) can 
be specified in the TCL register. The average TWAIT value can be derived using 
the following equation: 


TwAIT = [(TCL + 6] x Torr [(TCL) + 7] x ToLF 
Where, . 


(TCL): A set value in the TCL register. 
TctF: A cycle time of the clock signal supplied to the CLK pin of SPC. 
Table 4.3.1 lists the values recommended to be set in the TCL register. 


Table 4.3.1 Values recommended to be set in TCL register 
for use of Select command 


125 - 180 1,250 - 1,980 


03) 16 1,260 - 2,000 













140 - 200 


In ARBITRATION phase execution by the Select command, the bus device identifier (1D) 
which is sent to the SCSI data bus is the value specified in the BDID register. 

The following equation can be used to obtain the period of time (TARB) required from 
the moment when the arbitration is started (BSY signal assertion) to the moment when 
the bus usage priority is examined: 


TarB = 32 x TCLe , , 
Where, Tc_f indicates a cycle time of the clock signal supplied to the CLK pin of 


SPC. After SELECTION/RESELECTION phase execution is started, a time-out interrupt 
occurs if no response is acknowledged within the supervisory time specified in the 
TCH and TCM registeres. When a time-out interrupt occurs, the SPC holds the current 
execution state of SELECTION/RESELECTION phase for SCSI. However, until the time-out 
interrupt condition is reset, SPC executes no operation to the response from the bus 
device being selected. Either of the following procedures can be used for a time-out 
interrupt: 


a. Restart of SELECTION/RESELECTION phase 
After specifying a new supervisory time in the TCH, TCM and TCL registers, 
reset the time-out interrupt condition. Then, SPC will restart the 
SELECTION/RESELECTION phase in progress. At this time, changing the TEMP 
register contents can alter the value being sent to the SCSI data bus. 
New supervisory time Ts_' is expressed as follows: 
Assuming TCH, TCM and TCL value to be N' (MSB:. TCH, LSB: TCL); 
TsL' = NX Top x 2 (N' # 0) 
Where, Tc,F indicates a cycle time of the clock signal supplied to CLK pin of the 
SPC. , 
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b. Termination of SELECTION/RESELECTION phase 
When a time-out interrupt occurs, the values of TCH, TCM and TCL registers are 0. 
Resetting the time-out interrupt condition in this state causes SPC to deactivate 
all signals to SCSI and terminate the SELECTION/RESELECTION phase unless the BSY 
signal is returned. If the BSY signal is returned when the interrupt condition 
is being reset, then SPC executes a normal sequence to complete the Select 
command. To reset a time-out interrupt condition, set bit 2 of the INTS register 
to 1. If the Select command has been issued with initial setting of 0 for TCH 
and TCM registers, the time-out interrupt does not occur. However, the above 
time-out interrupt resetting procedure must be carried out to terminate the 
SELECTION/RESELECTION phase in progress. If SPC recognizes a response from the 
selected/reselected device during SELECTION/RESELECTION phase execution, SPC 
executes an interface sequence to serve as an INITIATOR (at SELECTION phase) or 
TARGET (at RESELECTION phase), then SPC is connected with SCSI as a relevant 
role. When the Select command is issued, the SPC status is indicated in the SSTS 
register. Figure 4.3.1 shows the status transitions. 


- 23 - 


<1]: 


*25 


#3: 


SSTS register *1 
}Bit7] 6 | 
ected 


S 

Con 
INIT | TARG | SPC 
Bus 

















Select 
command 


-_— ee S| Ke 






*2 
ARBITRATION 
phase being 0 0 1 
SELECTION 

phase being 
executed 










fc ie 
{ Time-out | 
, interrupt) 
—e ee = a 





RESELECTION 
phase being 
executed 


Command complete 
interrupt 


Fig. 4.3.1 Status transitions in Select command execution 


Check the SPC status after the elapsed time (shown below) following issuance of 
the Select command: 
(1) If Arbitration Enable bit is set to 0 the minimum waiting time is 
22 x (Clock cycle: TeLF) 
(2) If Arbitration Enable bit is set to 1 the minimum waiting time is 
(55 + Set value in TCL) x (Clock cycle: TeF) 


The Select command waiting for BUS FREE phase can be canceled using the Bus 
Release command. However, if the bus becomes free simultaneously with issuance 
of the Bus Release command, the Select command remains valid to execute the 
ARBITRATION and SELECTION/RESELECTION phases. The MPU program must make sure 
that the Select command has been canceled after more than four clock cycles 
passed since the Bus Release command (write to SCMD register) was issued. 


If the SPC lost the arbitration, the Select command terminates automatically 

(a command complete interrupt does not occur). In this case, note that the TCL 
register contents are unpredictable. When issuing the Select command again, 

be sure to specify the relevant value (see (2)-e, TCL register in Section 
4.3.2) again in the TCL register. 
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(3) Set ATN command 


(4) 


The Set ATN command is valid only when the SPC will act as an INITIATOR role. 

If this command is issued prior to the Select command, the ATN signal is sent to 
SCSI at SELECTION phase execution. If the Set ATN command is issued while the 
SPC is connected with SCSI as an INITIATOR, the ATN signal is sent to SCSI 
immediately. When the parity checking for the SCSI data bus is enabled and SPC 
detects a parity error in the data received from SCSI (during execution of the 
input transfer operation in hardware transfer mode), the ATN signal is sent to 
SCSI regardless of the Set ATN command. (See Figure 4.3.2) The assertion of 
ATN signal is retained until the condition described on item (4) Reset ATN 
command in this section is satisfied. However, the ATN signaling condition held 
in SPC, by the Set ATN command issued prior to the Select command, is cleared, 
if: 

a. the Select command is canceled by the Bus Release command, or 

b. a selected/reselected interrupt occurs before execution of the SELECTION phase. 


Data bus Invalid parity 


eee 
eee mae 


ACK 
ATN 


Fig. 4.3.2 ATN signal generation in data transfer 


Reset ATN command 
The Reset ATN command is used to reset the ATN signal being sent to SCSI. If SPC 
generates an ATN signal (due to a parity error in the received data) during 
execution of the hardware transfer mode operation, do not issue this command to 
reset the ATN signal until execution of the current Transfer command has 
completed. Also, to reset the ATN signal in manual transfer mode, execute the 
Reset ATN command before the ACK signal is sent to SCSI. In the following 
cases, SPC automatically resets the ATN signal without the Reset ATN command: 
a. On occurrence of a disconnected interrupt. 
b. On sending the last byte during execution of the MESSAGE OUT phase in 
hardware transfer mode. (See Figure 4.3.3.) 


Data bus 


ACK 
ATN \ 


Fig. 4.3.3  ATN signal resetting in MESSAGE OUT phase 
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(5) Transfer command 
The transfer command executes the following information transfer phases in SCSI: 


¢ DATA IN/OUT phase 

« STATUS phase 

« COMMAND phase 

» MESSAGE IN/OUT phase 


The transfer operation initiated by this command is referred to as a hardware 
transfer operation, the sequence of which is controlled by SPC. Before issuing 
the Transfer command, be sure to set up the following: 


a. Transfer byte counters (TCH, TCM, TCL) 
Set the byte count of the data to be transferred. (MSB: TCH, LSB: TCL) 


b. Bits 2 to 0 of the PCTL register 
Set a pattern indicating the phase to be executed. 


c. TMOD register 
Set detailed transfer mode. 


When SPC serves as a TARGET, it executes the information transfer phase specified 
in the PCTL register and terminates the Transfer command when any of the 
following conditions is encountered: 


a. End of transferring data of the byte count specified in the transfer byte 
counter. 


b. Receipt of the Transfer Pause command. 


c. Detection of a parity error in the received data during an input operation 
with bit 0 (Termination Mode) of the SCMD register set to 1. 
(When the parity checking is enabled) 


When SPC serves as an INITIATOR, it starts the transfer operation as follows: 


a. If the REQ signal is received before the Transfer command is issued, SPC 
compares the phase requested by the SCSI with that specified in the PCTL 
register at receipt of this command. Then, if they match, SPC starts the 
transfer operation. 


b. If the REQ signal has not been received when the Transfer command is issued, 
SPC makes this command wait for execution. Then, if the phase specified in 
the PCTL register matches that requested by SCSI on receipt of the REQ signal, 
SPC starts the transfer operation. In the above phase comparison, if a phase 
mismatch occurs, the Transfer command is nullified, then SPC generates a 
service required interrupt. On occurrence of this interrupt, check the PSNS 
register for the phase requested by SCSI, and issue the Transfer command again 
or carry out manual transfer. 


When SPC serves as an INITIATOR, Transfer command execution terminates when any 
of the following conditions is encountered: 


a. In other than the padding transfer mode, Transfer command execution terminates 
when the transfer of data of the byte count specified in the transfer byte 
counter is completed, or when another information transfer phase is’ requested 
by the TARGET. 


b. In the padding transfer mode, Transfer command execution terminates when 
another information transfer phase is requested by the TARGET. 


c. Transfer command execution terminates when disconnected interrupt occurs. 
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(6) 


(7) 


(8) 


Transfer Pause command 


The Transfer Pause command prematurely halts a hardware transfer operation 
initiated by the Transfer command when SPC serves as a TARGET. Note that the 
Transfer Pause command cannot be used when SPC serves as an INITIATOR. 

On receipt of this command, SPC performs the following: 


a. Stops sending a new REQ signal to SCSI, in an input operation. 


b. Stops sending a transfer request (DREQ) signal to the external buffer memory, 
in a DMA mode output operation. 


Note: For an output operation in program transfer mode, a write to the data 
buffer register is not allowed after this command has been issued. 


Then, the hardware transfer operation terminates when the internal data buffer 
register in SPC becomes empty. 


Set ACK/REQ command 


The Set ACK/REQ command is used to set ACK or REQ signals for SCSI during 
execution of manual transfer. When SPC acts as an INITIATOR, this command causes 
the ACK signal to be sent. When SPC acts as a TARGET, it causes the REQ signal 
to be sent. In manual transfer mode, data is transferred via the TEMP register. 
In this case, the pattern (kind) of the information transfer phase to be executed 
must be preset at bits 2 to 0 of the PCTL register. During execution of manual 
transfer, the transfer byte counter remains unchanged. Figures 4.3.4 and 4.3.5 
show the manual transfer procedures. 


Reset ACK/REQ command 


The Reset ACK/REQ command is used to reset the ACK or REQ signals for SCSI. When 
SPC acts as an INITIATOR, this command resets the ACK signal. When SPC acts as a 
TARGET, it resets the REQ signal. Use this command in execution of manual 
transfer. See Figure 4.3.4 and 4.3.5 for the manual transfer procedures. Also, 
when SPC serves as an INITIATOR, the Reset ACK/REQ command must be issued to 
reset the ACK signal for the last byte in the MESSAGE IN phase of the hardware 
transfer mode. In the MESSAGE IN phase, the end of the Transfer command is 
reported with the ACK signal for the last byte being asserted. The MPU program 
checks the validity of the received message first, then issues this command. 

In this case, the ATN signal, if necessary, may be sent out using the Set ATN 
command prior to this command. 
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Set PCTL 
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Reset ACK/REQ 






Read TEMP 


Fig. 4.3.4 Manual transfer procedure (SPC serving as a TARGET) 
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Fig. 4.3.5 Manual transfer procedure (SPC serving as an INITIATOR) 
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43. 


(1) 


(2) 


(3) 


3 Command Termination Report 
Immediate commands 


The followings are immediate type commands which terminate operations immediately 
after being issued. For these commands, SPC does not report termination. 


Set ATN 

Reset ATN 

Set ACK/REQ 
Reset ACK/REQ 


* 02 @ @ 


Interrupt commands 


For the following commands, an interrupt occurs at the end of execution. 
The interrupt cause is indicated in the INTS register. 


« Select 

« Transfer 

Non-interrupt commands 

The following commands terminate with different timings depending on the SPC 


operation being executed. Check the termination status according to the status 
information in the SSTS register. 











Termination status (SSTS register) 


Bit 6 4 
INIT TARG SPC Bus Xfer in Prg. 
Pranterrame [og fa | o | o | 


*1: If a selected/reselected interrupt condition is detected immediately after 
termination of the Bus Release command, an interrupt occurs and either the 
INIT or TARG bit is set. 






4.3.4 Command Issuance Timing 


Issuance of a command requires a write to the SCMD register. SPC synchronizes a 
write to the SCMD register with a clock supplied from the CLK pin, and then starts 
executing the command specified at bits 7 to 5. Figure 4.3.6 shows the command 
execution timing. When issuing commands successively, leave an interval between them 
for more than the sync-loss period (four clock cycles) in SPC. 
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Fig. 4.3.6 Command execution timing 


4.4 TMOD REGISTER 


Oe ese Oe a) a 
Sync.[| MAX. Transfer Offse 
Xfer 
4 2 1 


4.4.1 Register Functions 


Ee ee 
ae 





Bit 7: Synchronous Transfer 





1 .. Indicates that the DATA IN/OUT phase is executed in synchronous transfer mode. 
The COMMAND, STATUS, and MESSAGE IN/OUT phases are executed in asynchronous 
transfer mode disregarding the setting at this bit. 


0 .. Indicates that the DATA IN/OUT phase is executed in asynchronous transfer mode. 


Bits 6 to 4: Maximum Transfer Offset 


Bits 6 to 4 indicate a maximum value of the REQ/ACK offset to be used in synchronous 


transfer mode. 
Maximum offset value 
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When SPC serves as a TARGET, it sends the REQ signal in advance within the specified 
maximum offset value. When SPC serves as an INITIATOR, it can receive the REQ signal 
and input data within the specified maximum offset value. If the maximum offset 
value is exceeded in reception of the REQ signal, an error condition is detected at 
bit 0 (Transfer Offset Error) of the SERR register. 


Bits 3 and 2: Transfer Period 


Bits 3 and 2 indicate a parameter for determining the minimum repeat cycle of the REQ 
and ACK signals in synchronous transfer mode. Specify a period between the trailing 
edge of the REQ (ACK) signal and the leading edge of the next REQ (ACK) signal in 
multiples of a clock signal cycle (Te_f) supplying at the CLK pin of SPC. 

Figure 4.4.1 shows an example of transfer period setting. 

In synchronous transfer mode, the REQ (ACK) signa pulse width (Typical) equals a 
cycle of the clock signal (TcLF) supplied to the CLK pin. 


TCLF n x TOLF 


REQ (ACK) 





Setting examples; Maximum transfer speeds 


ara] ee o| tar it os [la =e [Tae 28 
ef e [af sons [same [aces 
Cs 
a afew ee 
a fe ae a 


Fig. 4.4.1 Transfer period setting 








4.4.2 Transfer Mode Setting Timing 


The TMOD register value determines the way the DATA IN/OUT phase is executed. 

When SPC serves as a TARGET, specify the DATA IN/OUT phase (C/D, MSG = 00) in the 
PCTL register. And, before issuing the Transfer command, be sure to complete TMOD 
register setting. When SPC acts as an INITIATOR, be sure to specify a correct value 
before the target initiates the DATA IN/OUT phase. A TARGET's phase changing time 
and the period from it until transmission of the first REQ signal are unpredictable; 
therefore, set the transfer mode with the following timing: 


(1) After completion of SELECTION phase 
a. Before issuing the Transfer command for execution of the COMMAND phase, or 
b. Before resetting the ACK signal for the last byte in the MESSAGE IN phase 


(before issuing the Reset ACK command) if a SYNCHRONOUS DATA TRANSFER REQUEST 
Message is transmitted at the end of the command phase. 
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(2) After reselected interrupt 
a. Before issuing the Reset ACK command in the MESSAGE IN phase (IDENTIFY). 


4.5 PCTL REGISTER 
eee Nee Me eee ea 


Bus Free MSG C/D 
Interrupt Out Out On 
Enable 


Bit 7: Bus Free Interrupt Enable 













With bit 7 set to 1, detection of the BUS FREE phase on the SCSI causes a discon- 
nected interrupt to occur. To prevent an undesired interrupt occurring, be sure 
to set bit 7 to 0 when: 


¢ Issuing the Select command, or 
« Resetting a ‘disconnected’ interrupt. 


Bit 2: MSG Out 
Bit 1: C/D Out 
Bit Q: I/O Out 


When SPC serves as a TARGET, specify the information transfer phase to be executed 
in SCSI. These bit values are sent to SCSI as MSG, C/D and I/0 signals. 


When SPC acts as an INITIATOR, specify the pattern indicating the transfer phase to 
be executed. Before executing the transfer operation, the specified transfer phase 
pattern is compared with a bus phase actually requested by the TARGET. Then, if they 
match, the transfer operation is initiated. Table 4.5.1 shows how to set a transfer 
phase. Use bit 0 (1/0 Out) to specify the phase to be executed with the Select 
command. See 4.3.2 (2) - Select command for details. 


Table 4.5.1 Transfer phase setting 


Bit 2 Bit 1 Bit 0 aa 
MSG Out | C/D Out | 1/0 out | SCS! transfer phase 








Data Out 


Fae al 

ee fs ee 
eee 
ee 
at 
et 
ce ee 
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4.6 DATA BUFFER REGISTER (DREG) 


ee eset eel ee Lee 


R nternal Data Register (8 Bytes FIFO 
Bit 7 6 5 4 3 2 1] 0 





SPC's internal data buffer register consists of eight bytes and operates on the FIFO 
principle. When executing the Transfer command in program transfer mode, MPU trans- 
fers data using this register. Figure 4.6.1 shows the DREG access procedure to be 
taken in program transfer mode. A write to/read from this register is performed on 
the FIFO principle. Therefore, never repeat accessing more than the number of times 
required. 










Issue Transfer command 
(in program transfer 
mode) 


Transfer started? 


Yes 
SSTS=(7X)16 or (BX)16 
No 








<Input operation? 







No (SSTS)g 


Yes 


lige ransfer ended? 


Yes 
SSTS=(45)i6 or (85)16 
or 
CINTS)4='1! 





es 





Fig. 4.6.1 DREG access procedure in program transfer mode 
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4.7 TEMP REGISTER 


Temporary Data (Input: From SCSI 


5 4 3 2 J 
Temporary Data (Output: To SCSI 
5 4 3 2 





The TEMP register is used for controlling the SCSI data bus except when hardware 
transfer is executed. It consists of two bytes, each of which is dedicated 
exclusively to receiving/sending data. 


(1) Data receiving element (read only) 


a. When a SELECTION/RESELECTION phase is detected in SCSI, the contents on the 
SCSI data bus are saved in the TEMP register. If a selected/reselected 
interrupt occurs, a bus device can be identified by the TEMP register 
contents. 


b. For a manual transfer input operation, the contents on the SCSI data 
bus are saved in the timing sequence shown in Figure 4.7.1 


(In SPC serving (In SPC serving 
as a TARGET) as an INITIATOR) 
Data Bus See ae = 
REQ 
ACK 


Sampling period 
e-yp---- 
re “yr 


Fir. 4.7.1 Data bus save in manual transfer input operation 





(2) Data sending element (write only) 


1) Before issuing the Select command, set the contents to be sent to the SCSI 
data bus in the SELECTION/RESELECTION phase. 


2) For a manual transfer output operation, set the data to be sent out. 
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4.8 TRANSFER BYTE COUNTER (TCH, TCM, TCL) 


eye a) Aes Sey ese | Pd 
R/W CH: Transfer Counter (MSB feed 
Bit 23] 22 | 21 | 20 | 19 | is | 17 | 16 


CM: Transfer Counter (2nd Byte 
Bit 15 14 13 12 11 10 9 8 


CL: ransfer Counter (LSB 
Bit 7 6 5 4 3 2 1 0 


The transfer byte counter consists of three bytes and functions as a down counter. 

In execution of a hardware transfer operation, it is decreased by one each time one 
byte of data is transferred over SCSI. It indicates the remaining byte count of data 
to be transferred. In the Select command execution, this counter operates as a 
response waiting time supervisory timer and sequence control counter. See 4.3.2 (2) 
- Select command and (5) - Transfer command for transfer byte counter initialization. 
While the transfer byte counter is operating, do not carry out a read/write. 





4.9 PSNS REGISTER 


SPE EPP PPE pPT 
[a [ew [i [a fae [ay fos foo foo 


When bit 5 (Diagnostic Mode) of the SCTL register is set to 0, the PSNS register 
indicates the control signal status on SCSI (input signals to SPC). 






~ SPC input pins —- 


Bit 7 REQ REQI 
ACK ACKI 

5 ATN ATNI 

4 SEL SELI 

3 BSY BSYI 

2 MSG MSGI 

1 c/D C/DI 

0 1/0 1/01 


When bit 5 (diagnostic Mode) of the SCTL register is set to 1, the PSNS register 
indicates the status of control signals sent from SPC to SCSI. In the SCSI pseudo 
operation using the SDGC register, the PSNS register can be used to check the SCSI 
contro] signal status. A read from this register is allowed at any time regardless 
of the SPC condition. Bit 5 (ATN) of this register indicates the ATN signal status 
on SCSI: 
When SPC serves as a TARGET, receipt of the ATN signal is indicated in this register 
but does not have any effect on other operations. The MPU program examines the ATN 
signal status at the following times in sequence and responds to the ATTENTION con- 
dition from SCSI: 
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(1) When a selected interrupt occurs 

(2) When the RESELECTION phase has completed 

(3) When the Transfer command has been completed 
(4) During execution of the Transfer command 


When the ATN signal is detected, the Transfer Pause command can halt the transfer 
operation for transition to the MESSAGE OUT phase. 


(5) During execution of manual transfer 


4.10 SSTS REGISTER 


eel Se Aa ee 


ee | Connected SPC | Xfer in| SCS TC=0 | DREG Status 













INIT | TARG | Busy | Progress| Reset In FULL | EMPTY 


4.10.1 Register Functions 
The SSTS register indicates the SPC internal status, which can be read out at any 
time. 


Bit 7 and 6: Connected (INIT, TARG) 


These bits indicate the Connecting status between the SPC and SCSI. 


Bit Te INIT] Bit 6: TRG] —SC«State SSCSCSCSCSCCCSCSCSC 
poo Kot comected with StST 


SPC serves as an OR: 

¢ During execution ce the SELECTION phase and 
after its completion. 
After a reselected interrupt 


serves as a TARGET: 
During execution of the RESELECTION phase and at 
its completion. 
After a selected interrupt 





Bit 5: SPC Busy 


Bit 5 indicates that a command is being executed or is waiting to be executed. 


Bit 4: Transfer_in Progress 


Bit 4 indicates that a hardware transfer operation is being executed or the 
SCSI is requesting information transfer phase. 


Bit 3: SCSI Reset In 

Bit 3 indicates the RST signal status on SCSI (input signal to the RSTI pin of 
SPC). 

Bit 2: TC = 0 (Transfer Counter Zero 

Bit 2 indicates that the transfer byte counter (TCH, TCM, TCL) has reached 0. 
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Bits 1 and 0: DREG Status (Full, Empty 


These bits indicate the status of the internal data buffer register. When executing 
a hardware transfer operation in program transfer mode, determine the data buffer 
register access timing by using these bit values. 


[ Bit 1: FULL[ Bit 0: EMPTY | Data buffer register status 
ot tds te 7 bytes of data, 
fe Oe fe IU ce he a er eel 
aE ee ee ee 3 bytes of data, leaving no free space. 

Undefined 























4.10.2 SPC Status 

SPC status is represented by combinations of status bits 7 to 4 of this 

register. Table 4.10.1 lists the combinations of these bits and SPC status. 
Table 4.10.1 SPC operating status indications 


STS register 


Bit /: | Bit 6: | Bit 5: | Bit 4: 
INIT TARG SPC Xfer in SPC operating status 
Progress 


SPC is not connected with SCSI. SPC does 
not hold a command waiting to be execution. 


SPC is not connected with SCSI. But SPC 
holds the Select command, which is waiting 
for BUS FREE phase. Or it is executing 
ARBITRATION phase. 


SPC serves as a TARGET. No operation is 


being executed in SCSI, or manual transfer 
executed. 


SPC serves as a TARGET. Hardware transfer 


operation (Transfer command) is being 
executed. 


SPC serves as an INITIATOR. No operation is 
being executed in SCSI, or manual transfer 
is being executed. 


SPC serves as an INITIATOR. Although SPC 
has received a REQ signal from SCSI, it is 
not ready to start transfer operation 
because no Transfer command has been issued 
or transfer phase does not match. 


SPC serves as an INITIATOR. Hardware 
transfer operation (Transfer command) is 
ing executed. 





4.11 INTS REGISTER 
ele eee ie ee ee ese ee ee 
R | Sele~ | Resele- | Dis- Command | Service ime | SPC Reset 
cted | cted Connected | Complete | Required | Out | Hardware | Condi- 
Error tion 


Reset Interrupt ae 






4.11.1 Register Functions 


The INTS register is used to indicate the cause of an interrupt and reset it. 

An interrupt issued by SPC (INTR pin) can be masked by bit 0 (INT Enable) of the SCTL 
register (except an interrupt whose cause is indicated at bit 0 [RESET condition]). 
To clear an interrupt, set 1 at the corresponding bit position in this register. 

Note that only the interrupt condition specified by 1 is reset. . The bit positions 
having Os remain unchanged (corresponding interrupt conditions are maintained). 

In this register, two or more interrupts may be reset at the same time. 


4.11.2 Interrupt Processing 


(1) Selected interrupt (Bit 7) 
Bit 7 indicates that SELECTION phase in SCSI has resulted in SPC being selected 
from another bus device (INITIATOR). When the SELECTION phase is detected, SPC 
checks the contents of the SCSI data bus. If the following conditions are 
satisfied, SPC executes a response sequence on SCSI, then generate a selected 
interrupt. 


a. The ID specified in the BDID register is selected. 
b. There or more bits not including the parity bit are not set to l. 
c. When the parity checking is enabled, a parity bit value is correct. 


In the SELECTION phase, the TEMP register holds the value of SCSI data bus. 

SPC serves as a TARGET from when this interrupt occurs until when the Bus Release 
command is issued or the RESET condition is detected in SCSI. During this period, 
SPC asserts BSY signal to SCSI. Before issuing the Bus Release command, be sure 
to reset the cause of this interrupt. 


(2) Reselected interrupt (Bit 6) 


Bit 6 indicates that RESELECTION phase in SCSI has resulted in SPC being 
reselected from another bus device (TARGET). When the RESELECTION phase is 
detected, SPC checks the contents of the SCSI data bus. If the following 
conditions are satisfied, SPC executes a response sequence on SCSI, then generate 
a reselected interrupt. 


a. The ID specified in the BDID register is selected. 
b. Only two bits not including the parity bit are set to 1. 
c. When the parity checking is enabled, a parity bit value is correct. 


In the RESELECTION phase, the TEMP register holds the value of the SCSI data bus. 
SPC serves as an INITIATOR from when this interrupt occurs until when the 
disconnected interrupt occurs or the RESET condition is detected in SCSI. 

Before starting the transfer operation in SCSI, be sure to reset the cause of 
this interrupt. If the disconnected interrupt is indicated together with the 
reselected interrupt, reset both of these interrupts simultaneously. 
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(3) 


(4) 


(5) 


Disconnected interrupt (Bit 5) 


Bit 5 indicates that the BUS FREE phase has been detected in SCSI when bit 7 

(Bus Free Interrupt Enable) the PCTL register is set to 1. Also, when SPC 
serves as on INITIATOR, bit 5 indicates transition to the BUS FREE phase in SCSI. 
After this interrupt .condition has occurred, the next SELECTION/RESELECTION 
phase may be executed in SCSI. But, SPC does not respond to SCSI until this 
interrupt condition is reset. If the disconnected interrupt condition is 
detected during hardware transfer (Transfer command) execution with SPC serving 
as an INITIATOR, the SCSI operation stops but the SPC internal transfer sequence 
continues until one of the following events is encountered: 


a. The internal data buffer register becomes empty in an input operation. 


b. The data prefetch sequence to the internal data buffer register is completed 
in an output operation. 


When a disconnected interrupt occurs, check the SSTS register to confirm if the 
transfer operation has been completed. 


Command complete interrupt (Bit 4) 


Bit 4 indicates that the Select command/Transfer command operation has been 
completed. 


a. Completion of Select command 
This interrupt indicates that SPC has acknowledged a response (BSY signal) 
from the selected bus device in SELECTION/RESELECTION phase execution. 
It indicates that the SELECTION/RESELECTION phase has completed in SCSI. 
SPC serves as an INITIATOR after the SELECTION phase has been executed, and it 
serves as a TARGET after the RESELECTION phase has been executed. 


b. Completion of Transfer command (when SPC serves as a TARGET) 
This interrupt indicates that the transferring data of the byte count 
specified in the transfer byte counter has been completed. Or, in an input 
operation with bit 0 (Termination Mode) of the SCMD register set to 1, this 
interrupt indicates the stop of transfer due to parity error is detected in 
the data received from SCSI. In either case, this interrupt occurs after 
checking that the ACK signal for the REQ signal of the last byte is inactive 
on SCSI at asynchronous mode transfer. Or, this interrupt occurs after 
checking that the number of ACK signals received matches the number of REQ 
signals transmitted at synchronous mode transfer. 


c. Completion of Transfer command (when SPC serves as an INITIATOR) 
When padding mode transfer is not specified, this interrupt indicates that 
the transferring data of the byte count specified in the transfer byte counter 
has been completed. When padding mode transfer is performed, this interrupt 
indicates that the current transfer operation has been terminated due to 
another transfer phase is requested in SCSI. In this case, the service 
required interrupt occurs at the same time. In the MESSAGE IN phase, 
this interrupt occurs while the ACK signal to the jast byte is held active. 
Before resetting this interrupt, be sure to issue the Reset ACK/REQ command. 


Service required interrupt (Bit 3) 
This interrupt occurs if the SPC serving as an INITIATOR is put in either of the 


following conditions. It indicates a request for MPU program intervention. 
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a. SPC has received the Transfer command, but cannot start the transfer operation 
because the transfer phase specified by bits 2 to 0 of the PCTL register does 
not match that requested in SCSI. 


b. SPC has stopped the current hardware transfer operation (Transfer command) 
because of a request for another transfer phase in SCSI. In this case, the 
transfer operation in SCSI stops immediately, but the SPC internal transfer 
sequence continues until one of the following events is encountered: 


- Input operation 
The internal data buffer register becomes empty. 


- Output operation 
The data prefetch sequence to the internal data buffer register is completed. 


Therefore, when this interrupt occurs, read out the SSTS register and check if 
the SPC internal transfer operation is completed. If the service required 
interrupt occurs during an output operation, the data prefetched in the SPC 
internal data buffer register may remain (not be sent to SCSI). For how to 
handle the remaining data (up to eight bytes), see the interrupt processing 
procedure described below. When the service required interrupt occurs, the MPU 
program examines a transfer phase request from SCSI and proceeds to execute the 
transfer operation using one of the following procedures. Figures 4.11.1 and 
4.11.2 show examples of interrupt processing procedure. 


a. Hardware transfer 
The MPU program specifies the transfer phase pattern requested by SCSI as 
bit 2 to 0 of the PCTL register, and reissues the Transfer command. 


b. Manual transfer 
If this interrupt occurs during an output operation, the remaining data in the 
SPC internal data buffer register may have to be preserved. In this case, 
with bit 3 (Intercept Transfer) of the SCMD register set to 1, perform manual 
transfer and interrupt resetting. When the interrupted original transfer 
phase (output) is requested again after manual transfer by the above 
processing procedure, the suspended transfer operation can be restarted using 
the remaining data held in the data buffer register. 
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In output operation 


REQ —> 
ACK <— 
REQ —> 


( Service required 
interrupt 
x 


(Phase transmition) < 


RZ 







Hardware 
ransfer ended? 


DREG to be 









phase requested 
in? 


Transfer 
started? 





Yes 
SSTS=1011xxxx 











Yes SSTS=1001xxxx 


No 





Reset interrupt 
without 
specifying 
‘Intercept Xfer' 












Yes 





No 

pics ee eS 
| Reset interrupt | 
| by specifying \ 
| Intercept. xfer’ | 









Transfer command 


N Bytes 









*2 


Reset interrupt 
without 
specifying 
‘Intercept Xfer' 


Transfer 
command 
L_ NBytes | 






. An interrupt needs not always be reset. The interrupt is reset automatically 
when the Transfer command starts hardware transfer. 


If the interrupt is reset, the data prefetched in the internal data buffer 


register before a change of phase is detected is lost. 


Fig. 4.11.1 Service required interrupt processing procedure (1) 
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In_input operation 







REQ—> 

ACK<— 

REQ—> XxX Service 
required 
interrupt 










Hardware 
sransfer ended? 


Yes SSTS=1001xxxx 





Hardware Yes 








Reset interrupt 


without Sci ey os SEs te le ET 
specifying T Reset interrupt ! Reset interrupt | 
‘Intercept Xfer' | by specifying | | without 

, ‘Intercept Xfer'| j specifying 


_' intercept_Xfer! 





*1: An interrupt need not always be reset. The interrupt (service required) 
is reset automatically when the Transfer command starts hardware transfer. 


Fig. 4.11.2 Service required interrupt processing procedure (2) 
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(6) 


(7) 


Time-out interrupt (Bit 2) 


This interrupt indicates that the selected bus device has not responded within 
the predetermined supervisory time after SPC initiates the SELECTION/RESELECTION 
phase. See 4.3.2 (2) - Select command for details of the supervisory time 
setting procedure and the interrupt processing procedure. 


SPC hardware error interrupt (Bit 1) 


This interrupt indicates that SPC has detected one of the following error 
indications in the SERR register: 


TC parity error 

Phase error 

Short transfer period 
Transfer offset error 


See 4.12 - SERR register for details of these errors. When this interrupt 
occurs, SPC does not stop the operation being executed (for any error cause). 
Since the normal operational sequence and end report cannot always be 
guaranteed in this case, the MPU program must be used for SPC control and bus 
phase control of SSCI. 

Figures 4.11.3 to 4.11.5 show examples of error control processing. 

















SPC 


Hard. i) Hard. aa) 






















jy! +> 
SCTL.Bit 7 
(Reset & Dis.) 


MSG In 
'Identify' 


ATN Cond. 
X'60' + SCMD 














/ MPU a ~ No 
time-out? 
* 7 


Yes 







(ABORT 
message) 









Forced 


termination 





a > 
SCTL.Bit 7 
(Reset & Dis) 


(Bus Free) 
*1: Normal SPC time-out supervision cannot always be guaranteed. Be sure to 
perform time supervision using the MPU program. 
Fig. 4.11.3 Example of control processing for SPC~detected error (1) 
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In execution of manual transfer 


SPC 
Hard Error 


> 


No 


ATN Cond. 
X'60'+ SCMD 





Error 


recovery 
processing 


Fig. 4.11.4 Example of control processing for SPC-detected error (2) 
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In execution of hardware transfer 


SPC 
Hard Error 


<oet> Yes 
No 


"dhs 
SCTL.Bit 6 


Set ATN 


Yes On 
Command 
Comp. 
Service 
REQ Yes 


On 
Bus Dev> 
Reset 
Yes . 
No 
*1 
A a ae 
Free Status ABORT 
received message 
Yes ' 


N's 


*1: Execute by manual transfer. 


recovery 
processing 





Fig. 4.11.5 Example of control processing for SPC-detected error (3) 
- 46 - 


(8) Reset condition interrupt (Bit 0) 


This interrupt indicates that the RESET condition has been detected in SCSI. 

Note that this interrupt cannot be masked. The reset condition persists for an 
unpredictable period of time. After making sure that bit 3 (Reset In) of the 
SSTS register becomes to 0, MPU must reset this interrupt condition. The reset 
condition interrupt may occur regardless of whether SPC is connected with SCSI or 
not. When SPC is connected with SCSI, occurrence of this interrupt causes SPC to 
immediately deactivate a signal being sent to SCSI. Then SPC proceeds to the BUS 
FREE phase. When SPC is executing a command, occurrence of this interrupt causes 
SPC to terminate its operation and reset its internal state. However, the 
following internal registers hold the control] information unchanged: 


- BDID register 
- SCMD register 
- PCTL register 
~ SCTL register 
~ TMOD register 
- Transfer byte counter 


Until this interrupt is reset, the SPC internal reset state is maintained even if 
the RESET condition is released in SCSI. Therefore, SPC does not respond even 
when a new bus phase (e.g. SELECTION) is executed in SCSI. 


4.12 SERR REGISTER 


Ea -rror Phase ort eal 
scsI SPC Parity | Error | Xfer Offset 
Error Period | Error 


4.12.1 Register Functions 










The SERR register provides details of an error detected in SPC. An SPC hardware 
error interrupt occurs if an error is indicated at any of bits 3 to 0. 


Bits 7 and 6: Data Error 
These bits indicate that a parity error has been detected in the transferred data 
during transfer phase execution in SCSI. Table 4.12.1 lists the data error indica- 


tion bit patterns and the relevant SPC operations. When changing the transfer phase 
in SCSI, these error indication bits must be reset. 
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Table 4.12.1 Data error indication bit patterns in transfer phase 


re Frrar Error SPC operations 


ser No parity error was detected in the transferred data. 


During execution of an output operation in hardware transfer 
mode, a parity error was detected in the data to be sent to SCSI. 
The parity is checked regardless of the value of bit 3 (Parity 
Enable) of the SCTL register. The erroneous data (parity bit 


is corrected and then sent to SCSI. 

A parity error was detected in the data received from SCSI during 
an input operation. The parity is checked only when bit 3 
(Parity Enable) of the SCTL register is set to 1. After an error 
is detected, the parity bit is corrected. If the SPC serving as 
an INITIATOR detects.this error during hardware transfer 
execution, it generates an ATN signal to SCSI. (See Figure 4.3.2) 
In this case, the MPU program must reset this error condition 
before the ATN signal is reset. If the SPC serving as a TARGET 
detects this error during hardware transfer execution, it follows 
the specification at bit 0 (Termination Mode) of the SCMD 

gister. See 4.3 - SCMD register for detailed. 





Bit 3: TC Parity Error 


Bit 3 indicates that a parity error occurred while the transfer byte counter 
(TCH, TCM, TCL) was being decreased. 


Bit 2: Phase Error 


When SPC serves as an INITIATOR, the transfer phase has been changed in SCSI during 
hardware transfer mode operation (service required interrupt occurs). In this case, 
bit 2 indicates that: 


(1) The new phase is a synchronous transfer mode DATA IN phase. 

(2) The REQ signal has been received two or more times before the MPU program 
complete an interrupt processing and issue the Transfer command for the new 
phase. In this case, SPC cannot receive data and return the ACK signal normally. 

Bit 1: Short Transfer Period 


Bit 1 indicates that the REQ/ACK signal (input signal to REQI/ACKI pin) has a cycle 
exceeding the specified input range. (See Figure 4.12.1.) If this error occurs, 
the transfer sequence executed by SPC is not guaranteed. 
Min 
Tour | 


REQ or ACK signal 
(REQI or ACKI pin) MIN 
TeLF x 3 


TetF: A cycle of the clock signal supplied to SPC. 


Fig. 4.12.1 Specified input cycle of REQ/ACK signal 
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Bit 0: Transfer Offset Error 


Bit 0 indicates that one of the following errors has been detected during 
synchronous mode transfer. The offset value referred to below denotes the REQ 
ACK maximum offset value specified in the TMOD register. 


(1) When SPC serves as a TARGET: 


¢ The number of ACK signals received exceeds that of REQ signals transmitted. 
* The number of REQ signals transmitted exceeds the offset value (SPC 
malfunction). 


(2) When SPC serves as an INITIATOR: 


¢ The number of REQ signals received exceeds the offset value. 
¢ The number of ACK signals transmitted exceeds that of REQ signals received 
(SPC malfunction). 


If this error occurs, the transfer sequence executed by SPC is not guaranteed. 


4.12.2 Error Reset 
To reset an error indication in the SERR register, do one of the following: 


(1) Generate SCSI RESET condition (X'10' -+ SCMD) 
(2) Reset & disable (Bit 7 of SCTL register) 
(3) Control reset (Bit 6 of SCTL register) 
(4) Interrupt (SPC hardware error) reset (X'02' — INTS) 
Bits 7 and 6 (Data Error) of this register do not cause an interrupt, but 
can be reset by this means. 


4.13 MBC REGISTER 





The MBC register controls the data count during transfer between the SPC internal 
data buffer register and the MPU (program transfer mode) or external buffer memory 
(DMA mode). When data is written into the TCL register, its four low-order bits are 
set as an initial value for MBC register. In an output operation, data is 
prefetched into the SPC internal data buffer register. Each time one byte is 
prefetched, the MBC register is decreased by one. Data prefetch stops when the 
transfer byte counter is decreased below 15 and the MBC register reaches 0. 

In an input operation, data received from SCSI is stored in the internal data buffer 
register. Each time data is sent to the MPU or external buffer memory, the MBC 
register is decreased. The difference between the transfer byte counter and the 

MBC register corresponds to the byte count of data remaining in the internal data 
buffer register. While SPC is executing a DMA mode transfer operation, this register 
must not be read out. 
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4.14 EXTERNAL BUFFER REGISTER (EXBF) 





xternal Buffer 
4 3 


This register's address is reserved for access from the MPU data bus (D7 to DO, DP) 
to the DMA data bus (HDB7 to HDBO, HDBP) (not exist as an internal register in SPC). 
As shown in Fig. 4.14.1, the MPU program can execute a write/read to/from the 
external buffer memory by using this virtual register. 













ee | 
| woe | 
| ome | 
Be foes eeelinedl 








Access 
timing 
control 
circuit 







External 
buffer 
memory 


HDB7 - 0, HDBP 


Fig. 4.14.1 Access from MPU to external buffer memory 


4.15 SDGC REGISTER 


ee ee ee oe a eee | 

| Theo? [aee? | = | = [esv? [nse® Lesa? Liv? | — | 
REQ BSY MSG c/D 1/0 

The SDGC register is used to operate SPC in diagnostic mode (with bit 5 (Diag 

Mode] of the SCTL register set to 1). To simulate the SCSI operation, the SDGC 

register bits are used as having alternative SCSI control signal lines. 

In diagnostic mode, the SDGC register is used to check SPC internal operation. 

The diagnostic mode stops signaling to SCSI and nullifies input signals from SCSI 

except the data bus signals. The SPC internal operation can be performed in the 


ordinary manner. To check SPC internal operation, the MPU can manipulate the SDGC 
register's bits to generate input signals from SCSI. 
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The following bus phases can be simulated: 


1) BUS FREE 

2) ARBITRATION (Always win) 

3) SELECTION (For INITIATE operation) 

4) RESELECTION (For TARGET operation) 

5) Information transfer (Input data manipulation not allowed in an input 
operation) 


4.16 INITIALIZATION 


SPC is in the reset state when the input to RST pin is low (hardware reset) or bit 7 
(Reset & Disable) of the SCTL register is set to 1. SPC-SCSI operation is disabled 
until the SPC reset state is released. The MPU program shall release the reset state 
after initializing the SPC internal registers. The following SPC internal registers 
remain unchanged even in the SPC reset state: 


« BDID register 
* TMOD register 

¢ Transfer byte counter 

¢ SCMD register 

e« PCTL register 

e TEMP register (for sending) 


At the moment power is turned on, the contents of these internal registers are 


unpredictable even though hardware reset (RST input = low) is executed. After 
input is released, the MPU program shal] initialize SPC as shown in Figure 4.16.1. 
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Power UP ) 














(SPC state after RST onput is released) 


BDID = XX 

STTL = 80 

'Bus Device LD! SCMD = XX 
+ BDID TMOD = XX 
PCTL = XX 

PSNS = XX 

DREG = XX 

TCH = XX 

(Initialization of TCM = XX 
internal register) TCL = XX 
X'00 + SCMD INTS = 00 
SSTS = OX 

SERR = 00 

TEMP = XX 

MBC = OX 

SDGC = XX 





(SCSI operation 
mode setting) 
* LOOXXXXX' 

> SCTL 





(Release reset 
state) 
'O' + SCTL Bit 7 


Fig. 4.16.1 SPC initialization (at power-on) 


~ 52 - 


CHAPTER 5 
EXAMPLES OF EXTERNAL CIRCUIT CONNECTIONS 


Figure 5.1.1 shows the external circuit blocks that can be connected with this LSI 
circuit. The external circuit configuration depends on the application environment, 
purpose of use and performance required of this LSI. Examples of application of this 
LSI circuit are given below. 






poe] 
SDBI7 - 0, P SPC 
— RST MPU 
) eee A 8086, 
SDBE7 - 0, P 8088) 
RD RD 
oe 
DREC DMA 
DRESP Control 
HDB7 - 0, P) Buffer 


Momery 


/ 


Vss 


Fig. 5.1.1 Examples of external circuit connections 
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5.1 SCSI DRIVER/RECEIVER CIRCUITS 


5.1.1 Single Ended Type 


Figure 5.1.2 shows a example of the connection of the SPC and the SCSI single ended 
type driver/receiver circuit. Table 5.1.1 lists the major components of this SCSI 
driver/receiver circuit. 


Table 5.1.1 Major components of single ended type SCSI driver/receiver circuit 
(example) 
















REQ/ACK signa, ri-state buffer circuit 
driver 2 circuits/DIP 14 
Q/ACK signal MB 4 circuits/DIP 16 
receiver Re ttise 3902 +2% 1/4 W 
Resistor 2002 +2% 1/4 W 
papec tor 0.1pF/50 V Ceramic 


era — RR rae 
driver circuit 4 circuits/DIP 14 
receiver | | ir [Setreviessotr zo | 
receiver TI 8 Stele go 


erminator 

(Required only when (Signal) 230 Q 
the driver/receiver 

is located at 330 2 
either end of SCSI) 


* Note : The MB412 is compatible with the SN7519. 
The MB413 is compatible with the Am26LS32. 
The MB463 is compatible with the SN7438. 
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SDBI7 to 0, P 


spc | SDBI7 


QO 


© 
SBBIP 
@ 





SDBO? to 6, P 


q 
fee 


_— 


: 


Y _ SDBOP 


aa 
oO” 
w 
.) 


©, 
Ore) 
S| 
o 
mo] 





3, S 

ai =} iso Bo 
O 

ol ae aE 

D L) 







Y _RSTI 


.D U 

= =n 
tANTO eee. | 
| _BSTO | [| 463 


POW READY *1 


Fig. 5.1.2 Example of single ended type SCSI driver/receiver circuit 
{continued on next sheet) 
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R2 





POW READY *1 


Cl 


: 3902+2% 
: 200242% 
: O.1pF 


*1: It is recommended to protect against noise generated at power on/off. 


Fig. 5.1.2 Example of single ended type SCSI driver/receiver circuit 


(continued) 
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5.1.2 Differential Type 


Figure 5.1.3 shows a example of the connection of the SPC and the SCSI differential 
type driver/receiver circuit. Table 5.1.2 lists the major components of this SCSI 
driver/receiver. 


Table 5.1.2 Major components of differential type SCSI driver/receiver 
circuit (example) 


Component Part No. | Manufacturer | | Characteristics =| Q'ty | | Characteristics =| Q'ty | ty 


Driver/receiver 75176 Differential transceiver 18 
(Common to all 1DV +1RV/Dip 8 
signals 


Terminator 
(Required only when 3302 ae 


the driver/receiver (Positive signal 
is located at either 
end of SCSI) (Negative signal) 
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i DB7(+) 
3] 87) 





po cae 


Ht 


SDBI7-0,P 





SDBE7 — 0,P 


———— ee 


Fig. 5.1.3 Example of differential type SCSI driver/receiver circuit 
(continued on next sheet) 
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SPC 
REQI 


® 


| acts 


REQO 


OD 


ACKO 


OD 


MSGT 


C/DI 


O 


MSGO 


) 


| c/po 


4__INIT 





Fig. 5.1.3 Example of differential type SCSI driver/receiver circuit 
(continued) 
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5.2 EXTERNAL DATA BUFFER 


To provide a buffer area for high-speed data transfer or a temporary storage for data 
to be transferred, the external data buffer memory can be connected to SPC as shown 
in Figure 5.1.1. In this case, a buffer control circuit is required to contro] the 
timing of data transfer between SPC and external buffer memory. To execute the 
transfer phase on SCSI, specify DMA transfer mode for SPC. SPC accesses the external 
buffer memory with the timing sequences shown in Figures 5.2.1 and 5.2.2. Data is 
transferred via the DMA data bus lines (HDB7 to HDBO, HDBP). The transfer direction 
must be specified externally using the HIN signal. When requesting access to the 
external buffer memory, SPC makes the DREQ signal active. In an input operation, the 
DREQ signal is sent out when the SPC internal data buffer register (8 bytes) holds 
data received from SCSI. In an output operation, the DREQ signal is sent out when 
data corresponding to the byte count specified in the transfer byte counter is not 
all prefetched, and when the internal data buffer register has free byte locations 
available. The external buffer control circuit must return the DRESP signal in 
response to the DREQ signal on completion of transferring each byte. DRESP is 

a pulse signal whose trailing edge is used to indicate the end of transfer. 

The DREQ signal is held active as long as the above conditions exist in SPC (this 
signal is not a transfer request signal for each byte). The access interface signals 
(DREQ, DRESP, HIN, HDB7 to HDBO, HDBP) to the external buffer memory are asynchronous 
with an SPC clock signal supplied to the CLK pin. 


(1) HIN signal puts the DMA data bus (HDB7 to 0, P) in an output mode. However, the 
value on the DMA data bus is unpredictable until data is loaded into the SPC 
internal data buffer register from SCSI. 

(2) After receiving data from SCSI, SPC issues the DREQ signal (transfer request) 
to the external buffer memory. At this time, valid data is placed on the DMA 
data bus. 

(3) Data on the DMA data bus is held until the trailing edge of the DRESP signal. 

(4) After the DRESP signal is received, valid data is unloaded from the SPC internal 


data buffer register. Then, the DREQ signal becomes inactive to stop transfer 
with the external buffer memory until the next data becomes available. 


mg — So (ND YQ NO 


HIN aint i nf @ 
HDB7 to 0,? DATAL DATA2 paTa3 _X aiceabie 


Fig. 5.2.1 Transfer with external data buffer (input operation) 
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(1) As Jong as the HIN signal is low, the DMA data bus (HDB7 to 0, P) is in an input 
mode. 


(2) A transfer request (DREQ) signal is issued when the SPC internal data buffer 
register has free byte locations available for prefetching data. 


(3) The external buffer control circuit puts data onto the DMA data bus and also 
sends the DRESP signal in response. On the trailing edge of the DRESP signal, 
SPC loads data from the DMA bus into the internal data buffer register. 

(4) When no free location is available in the SPC internal data buffer register, the 


DREQ signal becomes inactive. Then, transfer from the external buffer memory is 
stopped until the next data prefetch becomes available. 


DREQ @ © @ © 
si ae Nn Nn res 
HIN ——_, 


@ DATA‘ DATA2 DATA3 DATAd 
HDB7 to 0,P 


Fig. 5.2.2 Transfer to external data buffer (output operation) 
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CHAPTER 6 


AC CHARACTERISTICS 


In this chapter, the input/output signal timing is specified, under the 
following conditions: 


(1) 


(2) 


(3) 


(4) 


Operating temperature 
Ta = 0 to 70 °C 
Power supply voltage 
Vop = 4.75 to 5.25 V 
Input/output condition 
The input/output condition in section 1.3 "Electrical Specifications" 
should be satisfied. 
Timing measurement 


To be specified at the input/output pins of this LSI circuit. 
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6.1 MPU INTERFACE 


6.1.1 Clock Signal 


tCLCH 













6.1.2 Reset Signal 


inn 


‘ 
RET r RSTW "| 


6.1.3 Write Cycle 






(1) Registers other than EXBF 


[saat [porter | we | we | 
Tens [oats sea i [| 
a 
es 
row [Sine Pe | 
ee 
ee 
Cor [Womens ff | 
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D7 - DO, DP 


(2) EXBF register 


Ec 
[oor ewe | 
one [rare ma 
Sg 
a 
Poo Tare [Te 
we Ware gpm [eT 
mae rer» | | = le 





D7 - DO, DP 


HDB7 - HDBO, HDBP 
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6.1.4 Read Cycle 


(1) Registers other than EXBF 


ae [teem [| 
eee ee 
Piece Pe 
tcRS CS Setup (RD) | ons | 
enim aes 
eee J 
ai aie ee la a) 
pm eeree ae =) een 
Sos eee ea 
eg ieee 0 eas 
resleieaa So Ce ee 




























A3 - AO 





D7 - DO, DP 
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(2) EXBF register 


ree | moreso | || 
riwe[ mines] 
Peewe| sep S| 
rene[ me sd | 
aoe] Pts two | off @ | 
en | Evin or wormme] | | ow | 


tHDD DMA Data Bus (HDB7 to 0, P) 
to MPU Data Bus (D7 to 0, P) 


HIN FN eee ee 


















A3 - AO 


HDB7 - HDBO, HDBP 


D7 - DO, DP 
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6.1.5 Interrupt 


a 
TtIRWL INTR + WT 


tWHIR WI High + INTR Low tecLe + — _ |__| + a 
(Interrupt Reset) 


twrcy Interrupt Reset Cycle time “1 4tcir 










teLF : See 6.1.1 


*1 =: When interrupt reset is continued. 

tcLF 
= LTE NN Or 

UCHIR ‘ 

SSS 
INTR 
TIRWL tWHIR 
W 
tWRCY 


6.2 DMA INTERFACE 


6.2.1 Access Timing 


[one [we vin = oesrwne [ear[ | 
[mewn > wet tw | [| a fs 
Fan [ot tow = ween [= [p= | 
wea [weranewien [© [| ps 
wor [mre ocie te [aarp Ls 
rar [ore oe Te @ | arf || 


tee : See 6.1.1 
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6.2.2 Input Operation 


(SPC to External data buffer) 


Sea a 
: Bete ee ee Oy S-— AON ae 
HINZ 19 

tprov | BREQ High + Data Establish a 
trppv | DRESP Low + Data Change asec, —alPcaaby J hess 












DREQ 

DRESP 

HIN 

HDB7 - HDBO, HDBP 
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6.2.3 Output Operation 


(External data buffer to SPC) 


tutHz | HIN Low + HDB7 to 0,P High Z Peace ae 


THDBH Data Bus Hold ns 


toirp | DREQ Low > DRESP =4j— Stele | ons | 


tcLp : See 6.1.1 















DREQ 


DRESP 





HIN 
THIHZ THDBS **tHDBH 
HDB? ~ 0, P ( DATA 1 ) 


*1 In the following cases, the DREQ signal becomes inactive asynchronously 
with the DRESP signal to stop refetching data during an output 
operation: 


- When the Transfer Pause command is issued in the SPC serving as a 
TARGET 


- When the Transfer Phase is changed in the SPC serving as an INITIATOR 


In these cases, the last DRESP signal response must not exceed tpipep. 
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6.3 SCSI INTERFACE 
6.3.1 SELECTION Phase 


(1) INITIATOR (With arbitration) 


met remer——w| 


tBFBO BSYI Low + BSYO High 6tn) x +n) x 
(Start of arbitration) t +5 t + 65 
CLF CLF 






















TBHID BSYO High + ID Bit High 


BSYO High + Prioritize 32tc_F - 40 Sa 
oe oa ee ee 

taIDV Bit) + Prioritize 
Be ne alsa 

Bit) + Prioritize 
oo | Sees TL 

AWSO | + SELO High 

tsop | SELO High + Data Bus (ID) Send | lltgip - 30 = San Es 
trpBL | Data Bus (ID) Send + BSYO Low | 2tciF - 80 be te eine 
tpiso | BSYI High + SELO Low 2tcip + 5 fe lh as 
tgipd | BSYI High + Data Bus (ID) Hold| 2tcip + 5 he tli. ah tee 
tspcr | SELI High + BSYO, ID Bit Low eee al 3tc_p + 115 | ons | 


tcLe : See 6.1.1 
n : TCL register set value (See 4.3.2 (2) - Select command.) 
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BSYI 






BSYO = 

| tPBCR | ips | 

1 ' : 
SELI | 

| | | tBISO 
! 
TARE | rAWSO 

SELO \ | 


SDBO(ID bit) 


SDBE(ID bir) 


SDBO (Except ID bit) l | 
SDBE (Except ID to 





SDBI7 ~ 0,P 
~—- tADDv _ | | 
1/00 | 
tSOIT | 
—— 
INIT aa 


tSCIR ra 
INTR (Command Complete) ge es wee 
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(2) INITIATOR (Without arbitration) 












Symbol Parameter 


Peo [aaron ome an cose [EPs [PE | 
Foss Osawa 
Paar [oarmes meme fm | | = |e 
ais [esrmins sot [ares] | | 
sion [esi = te os Gow] eee | [| | 
A 


tcLF : See 6.1.1 
n : TCL register set value (See 4.3.2 (2) - Select command.) 
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BSYI 
BSYO 


SELI 


P| terse 


tERID tipso tBIDH 


SELO 


SDBO7 - 0, P 


SDBE7 - 0, P 


l 


1/00 


tIDIT 


INIT 


tITAT 
ATNO / 


tscIR 
INTR (Command Complete) LU 
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(3) TARGET (With arbitration) 


eon [aimee fs | Td | 
aa | oe bw GO) wie ew | § || 
finer [aero orw —p]| 
ers [ware] [earea] = 
won [esomie= oewen come] [| | 
fear [eons are f *@ | | | * 
Fast | arn > sari ps8] | 
sce | sis as nds] [are lo 
rr [oa wh > Pave st Ome] 20 || 
ime [1/0 Wn > Oe Bs ie [Rapes] | 
Psu | saris ewe |e 


tetp : See 6.1.1 
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BSYI 


tsIBI ts_Bo 
BSYO 
SELI 
tIDBI tBorD 
SpBtE = Bet ao 
tIIBI 
1/ol 


ATNI daria pee ae 


tats] tste 
TARG 


tTGPH 
MSGO 


c/D0 


1/00 


tIODE 
SDBO7 - 0, P 


SDBE7 - 0, P 


tSLIR_ 
INTR (Selected) 
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(4) TARGET (Without arbitration) 


Tammie [eT | 
ns [ooo wes some] = [|| 
i [ior sain | _* | |_| 
SERED eRe [eares| [ears 
wm [ase ow become |e [| | 
Foor [anwar etree fs | | | = 
sre | St tw = as nes] [ae 
Frei [ Ta Wo > Pavesi owe] 20 | 
Fae | We0 wos owe ow wie ews] | | 
sca [sw ewe |e] 


tcLp : See 6.1.1 
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BSYI 





tsiBo 
BSYO 
tgosi 

SELI 

tIDSI tgoID 
SDBI7 - 0, P |_| 1D 

tIIST 
1/01 


am aera 
taTsI 


ts_Te 

TARG 
tTGPH 
MSGO 
C/DO 
1/00 . 
Pk = 

_ 4 
SDBE7 ~ 0, P 

tsLIR 


INTR (Selected) 
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6.3.2 RESELECTION Phase 


(1) TARGET 


ma ee 
tpppo | BYst Low > B YO Hig 6*n) x +n) Xx 
(Start of Arbitration) tere + 5 tcLF + 65 
BSYO High + Prioritize 32tcie - 40 ber hy oe 
poe ee 
tarp Bit) > Prioritize 
Bit) + Prioritize 
wo0/ Hoi es fe Ts | 
_ |_SAWSO | SELO High 
tsorp | SELO High + Data Bus (ID) Send | 11tcip - 30 Ff os 
tsota | SELO High + TARG High Litcpf - 50 fe a ee 
tropL | 1/00 High + BSYO Low 2tcip - 80 ee a 
tippL | Data Bus (ID) Send + BSYO Low | 2tcip - 80 Pike, ted 
tpiso| BSYI High + SELO Low 2tc.p + 5 Re We = coe 8 
tBIDH| BSYI High + Data Bus (1D) Hold| 2tcip + 5 Pf ots 
tspcr | SELI High + BSYO, ID Bit Low fe dl 3tc_p + 115 | ons | 


tcLF : See 6.1.1 



















[oe 



















n : tCL register set value (See 4.3.2 (2) - Select command.) 
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BSYI 


BSYO 


SELI 


SELO 






SDBO(ID bit) 
SDBE(ID bit) 


SDBO(Except ID bir) 


SDBE(Except ID bit) | | | | 


SDBL7 ~ 0; P 


TARG 





MSGO | 


c/Do 


1/00 


tSCIR 
INTR(Command Complete) eset tee terse 
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(2) INITIATOR 


Son [ reer 
ser [eave are fe | 
[ine [tess Ch ee= SE] FP 
Per [aeriws ew | * |p 
ee [eas | pee] 
ean [eso vin oes Game] [||| 
esr [ene vin saree | 8 fp 
[sie [str > ew | are || ee | 
sar [wrt vermis [areal |_| I 
Psu [ecto som viw P|  | 
[sr [sete tatin [Rares | [ear] 
eee Te oP 


tctF : See 6.1.1 
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BSYI 


BSYO 





+Bost | +tSIBo 


SELI 
tBOID 
Noa tIDBI 
SDBI7 - 0, P 
tstIH 
Peal et atta Fe ei 
1/01 
tSLIT 
INIT 
tITDE 

SDBO7 - 0, P 
SDBE7 - 0, P 


tSLIR 
INTR (Reselected) 
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6.3.3 Transfer Phase 


(1) Asynchronous transfer output (TARGET) 


[meer peer [wk 
ices [Twins tents fave ware | [| 
[oma oes esate ROH [ear=eO] || 
[ay [acc = toe wows || 
[a [ao vin = nome] | 
[rae [soc vip aot ||| 
ran [eo ws veiw fe | 
Pena [re tows eo | 
[asi [secre > ecw if Raree] | 


tcp : See 6.1.1 


REQO 
tRHAH | ‘tAHRL | tRLAL | tALRH 
a eee 
tpvreg [<= TAKDV 


ON = ae 











MSGO 


C/b0 


1/00 


tIODE 
SDBE7 - 0, P 
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(2) Asynchronous transfer input (TARGET) 


“aoe [Tow oe meee | 
a [ae wows |= ff | | 


TRHAH REQO High + ACKI High 


TAHRL 


TRLA REQO Low + ACKI Low 


tciF : See 6.1.1. 





























REQO 


tRHAH tAHRL | tRLAL TALRH 


ACKI 


SDBI7 - 0, P 


MSGO x 
c/DO x 


1/00 







SDBO7 - 0, P 


SDBE7 - 0, P 
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(3) Asynchronous transfer output (INITIATOR) 


[See [Pareter LY | | 
Pie [iittws eee eere fa] |e | 
[rei [ras sity ernie [iw] || 
[Tar [Heo tow = Phase coe || | 
a [rer vie mote [are [| | 
PP [moins aor [ar-@] | | = | 
[or [tats v= AGO [ ar =@] | | = | 
[aor [etter toes me | [|| 
a [trie wow |) 
Pam Paco wip ar fp 
ran eer tor ae we 
Prater [ao ws ee wi [ef 
[row [ect iws seis [aaree [| 


tetf : See 6.1.1 



















*1 =: With these timings, the ATNO signal is reset only when the last byte 
is sent at the MESSAGE OUT phase. 
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ct 
wa 
C 
= 
> 








REQI 
F ‘ taHRL| tRLAL | ‘tALRH 
PHRQ RHAH - eee 
ACKO 
tDVAK _ tALPH 
SDBO7 - 0, P fice a ee cot) 
tRATL | tATLA 
ATNO *2 
i - x 
c/DI wee XK 
1/01 * es 
SDBE7 - 0, P 


- 85 - 


(4) Asynchronous transfer input (INITIATOR) 


ee 

cam [WOE Wip = spite ||| 
[ri [Pose etiy= ect [me [|| 
[aa | a0 tov > ese we | | 
[on [owes ies erm | | || | 

rao [#00 Wap boas wis | | |_| | 
aie [se wi = ecriw =f 
an [wert s wii |» P| | 
amr [ae ts veri eff 
[eum [we ows me wis ear | 
a [aw wie Aso fear] | fs} 


tetp : See 6.1.1 












*] With this timing, the ATNO signal is sent only when the parity checking 
is enabled and a parity error is detected in the input data. 
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tRLNA 


REQI 
tpyrQ | tpHAH} TtAHRL TRLAL tALRH 


ACKO 
TpvRO TAKDV 
spbBI7-0,P/ XY 
TATAL 
ATNO *1 
TALPH 
MSGI eee, ae eter eee eee 
C/DI sd 
1/01 ee 
tIIDD 
SDBO7 - 0, P 
SDBE7 - 0, P 
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(5) Synchronous transfer output (TARGET) 


Sms | farmer TY | 


TIODE | 1/00 High + Data Bus Enable | | 1/00 High + Data Bus Enable | + Data Bus Enable | 3tc_p + 5 


cl CLE + 
toveg Data Bus Valid + REQO High 
tue - 40 


[me [EW Aeseron Pertod [tau 0[ 
[ar we tossercon Pris [wir =30] |__| ms 
aor [eee tow = toes mie ff | 
[ai [veo win = aoc | 
Pa [re acter fw [| 
[ae [reat ete tie @ | Bar [| 
[aer [acc ssercon ria ff | 
[ar [aoc essen era | [|| 


tctf : See 6.1.1 


















n : TMOD register set value (See Fig. 4.4.1) 
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REQO 
|_____ takF2. —__——>| 


TAKF1 


ACKI 
taKap_| taNAP _| 


tpvrg 


TRHAH 


tRLDH 


soBo7 = 0, PX YF 


MSGO 
¢/DO 
1/00 EI 
CIODE 
SDBE7 - 0, P 
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(6) Synchronous transfer input (TARGET) 


ae [iiiw= wa sevae| | ® | = | 
ow [eet Aerio frie ar] | | 
ar | Feo onsserin eid | wero] |_| | 
ar [we in = some |= || 
wr [ae Aerio tra @ [| = | 
ane [Hex tosses pra | | fw | 
[er [ae oete vie | ear || 
[ae [aoc oere ie (@ [| ar [| 
[oi [toe bs wie> aki || 
[aor [Hen Wige= tow ons | || i 


tctf : See 6.1.1 











n : TMOD register set value (See Fig. 4.4.1) 
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REQO 


ACKI 





SDBI7 - 0, P 





MSGO 


C/DO 





1/00 






SDBO7 - 0, P 


SDBE7 - 0, P 
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(7) | Synchronous transfer Output (INITIATOR) 


Cae [ eee 
ine [varias eee eee | = || 
mc [ rae ctr a ie | ve | | 
ear | Ae tor ese comes [ep 
ee [et beri ria J | I 
Sc 
aoe | or octet | ee | 
ree | rear acter @ | ar | || 
air [ eri nomen [Reg ve | | 
Sc 
| tANAP | | ACKO Nonassertion Period | Nonasserti | ACKO Nonassertion Period | Period Inte - 20] | | ons 


‘ CLF + 
tDOTAK Data Bus Valid + ACKO High 
ata - 40 
tALDH | ACKO Low + Data Bus Hold a 


tcp : See 6.1.1 














n : TMOD register set value (See Fig. 4.4.1) 
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REQI 





<— tPHRQ tRHAH | tAKAP | tANAP | 
iss Led 


tpvrg} tRQDH | 


cas 
SDBI7 - 0, P RS of a ee i ey 


ATNO *7 En 

MSGI } 
ae 
earn 


C/0I 


1/01 

tIIDD 
SDBO7 - 0, P 
SDBE7 - 0, P 
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(8) Synchronous transfer input (INITIATOR) 


[sos] Perec] | 
Taine [atv = toe Bove ||| | 
| rose sity > wear [ao] 
ea | Heo tov > ese tie [||| 
[oma aos ose Rar || || 
[ear [wer Win = tow Bw tone [|| 
aw [wer Aseconraes [|| 
[ene wer towssrion rr [ [| 
Pacer [weer oe ve | ee | 
[ware [weer ote vie | ar || 
[ee [oer wip = ABO [ are] 
[eat [ast Assertion erie | tar=20[ | 
[a session Period | wer=20] [| 
[wer i= anomie [saree [| 


tcLp : See 6.1.1 




















no: TMOD register set value (See Fig. 4.4.1) 


*] ANTO signal is sent only when the parity checking is enabled and a 
parity error is detected in the input data. 
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troF2 
tROF1 
troap_| tRNAP 


REQI 
tpHRQ tRHAH | tAKAP | tANAP 


an 
ACKO 


tpvrg | tRQDH 
ee 
Oe ee ee ae 


. TRATH 


SDBI7 - 0, P 


ATNO *1 


MSGI 


C/DI 


hs 


1/0! 


TLIDD 


SDBO7 - 0, P 


SDBE7 - 0, P 
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(9) Transfer phase change (TARGET) 


| Symbo! | Parameter 


tPHCH WI High + MSGO, C/DO, 1/00 
(PCTL register) 





(10) Manual transfer 


twrov {| WEHigh + Data Bus Valid 
(TEMP register output) 
t WT High + REQO, ACKO High 3tric + 60 
STRA (Set ACK/REQ command) 2tcLr + 5 CLF 
t WT High + REQO, ACKO Low 
(Reset ACK/REQ command) 2tcLr + 5 Steir + 60 


tcLF : See 6.1.1 










Note: Timing sequences not shown here conform to the asynchronous transfer timing 


sequence. 
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(TEMP) 





(SCMD) (SCMD) 


tSTRA 






REQO (TARGET) 
ACKO (INITIATOR) 






SDBO7 - 0, P 


6.3.4 Attention Condition (INITIATOR) 


[an [re [i] 


WT High + ATNO High/Low 
tATNO ioe ATN command and Reset 2teLtr + 5 3tcL_F + 60 
ommand 


teLF : See 6.1.1 










ATNO 
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6.3.5 BUS FREE 


(1) INITIATOR (Disconnected) 


Sa 


tere : See 6.1.1 










Ca [eT 
[ear 70 | 
[rare] 
coe 





BSYI 


tBLIT 
INIT 


tITCR 
ATNO 


~ | 
SDBO7 - 0, P 


SDBE7 - 0, P 


t 
INTR eee 
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(2) TARGET (Bus Release command) 


WI High + BSYO Low 
WRLS | (SMD register) SEGUE ieee 


WT High + __TARG Low 












fit 


tTecr TARG Low + Bus Clear 





tcLF : See 6.1.1 


(SCMD) 


twTGL 
TARG 


twRLS tTGCR 


BSYO 


MSGO 


C/D0 


1/00 


REQO 


SDBO7 - 0, P 


SDBE7 - 0, P \ 
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(3) SELECTION / RESELECTION phase stop (time-out) 


WT High + SELO Low 
(INTS register) 3teLF + 55 
t WT High + Data Bus 
WOBL | Disable (INTS register) 3tcLF + 100 


t WT High + TARG or 
INIT Low (INTS register) = + 70 


t WT High + INTR Low 
ene (INTS register) 3te_e + 65 


tctp : See 6.1.1. 

















fea 
= 
un 
rm 






WT 
twsL 
SELO 
BSYI 
tWDBL 
SDBO7 - 0, P 
SDBE7 - 0, P el 
twHIL 


TARG or INIT 


tTG10 
1/00 


<— tWIRL 
INTR (Timeout) 
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6.3.6 Reset Condition 


(1) RST signal sending 


ni 


t WT High (bit 4 of SCMD 
Rio register) + RSTO 5 oa 














(SCMD) 


RSTO 


SDBO7 - SDBOO, SDBOP 


SDBE7 - SDBEO, SDBEP 
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(2) RST signal receiving 


ee 
trsip | Reset Delay pe a 4toye + 115 | ons 


tetp : See 6.1.1 










RSTI 


SDBO7 - 0,P 





SDBE7 - 0,P 
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